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1 MTAFPASGKK RETDYSDGDP LDVHKRLPSS TGEDRAVMLG FAMMGFSVLM FFLLGTTILK
61 PFMLSIQREE STCTAIHTDI MDDWLDCAFT CGVHCHGQGK YPCLQVFVNL SHPGQKALLH
121 YNEEAVQINP KCFYTPKCHQ DRNDLLNSAL DIKEFFDHKN GTPFSCFYSP ASQSEDVILI
181 KKYDQMAIFH CLFWPSLTLL GGALIVGMVR LTQHLSLLCE KYSTYVRDEV GGKVPYIEQH
241 QFKLCIMRRS KGRAEKS
FIG.3B

1 CCCAGCTACT CGGGAGGCTG AGGCAGGAGA ATCGCTTGAA CCTGGGAGGC GGAGGAGGTT
61 GCAGTGAACT GAGATCGTAC CCAGCCTGGG CAACAGTGCG AGGCTCCGTC TCAAAAAAAA
121 ACCAAAAAAC ACAAAAACAA AAAACGACAG AGAAGGCCAA ACAAAACACA TCTGTGGGCT
181 GGATGCCGCC ATGCCCACCG GTTTGCGACC TTTGTGTTGG ACTCTTCTGT TCACCAGACA
241 CCCTGCCCTG CGAGAATGTA TCTCATCCTT TGCTGGAGCA GGTTTGCAGG CACAGTGGAG
301 AGAGGAGAGA AGAAATGAAG GGACACTTAT GCAGAACCAT GAGTGGCCAG AGAGGAGGAG
361 AAGGAGGGTG AGAGGAGCAA AGAAGCCATG ACAACTTCAT AATTCTGAGT GGACTGGGCA
421 GTGGCCAGAA ATTCTGGTGG TGGATATGCT GCCTTTCCAA CAGGTGAATA TGAAAGAATA
481 AGTCAAACCC TGTTCAGGAC GCTGTTAATT CCAAATGTGA ACTTTTTGAG TCATTCTTTT
541 CATGTGGAAT TCAAAGGAGA ATGTAAACAA ATTTTCAGGA GGGACGTGCA ATATCCCTGA
601 AAGATAACAG AGTTCGTAAC ACTTATTTAC ATACAACATT CTCTAGTTAT TGATTAAACA
661 GATCTCTACA GACTTGCATG AGGCAACATT TCTTAGGCTT GTTTGCTACA ATATCTTTAA
721 ABATACTTGA TTACACATCA CTTTAGCTTA TTTAGATGGA CTTTTCACCA AGCTCTGAAC
781 TGGGATTTCA TTTTGTTGCA TTCATCCTGC TCACGAGACA CAGGTAGGCA GCAAATGAGA
841 TTATCCCTCC AGTCCCCATG GATTGGAAAT GTTCCCCCTT CTTTATGAGC TCACTGCAGT
901 ATCTCCTTCT CCCTTTCCCC AAAGGACAGC CTTTCCTGCC TCAGGGAAGA AGAGAGAGAC
961 AGACTACAGT GATGGAGACC CACTAGATGT GCACAAGAGG CTGCCATCCA GTACTGGAGA
1021 GGACCGAGCC GTGATGCTGG GGTTTGCCAT GATGGGCTTC TCAGTCCTAA TGTTCTTCTT
1081 GCTCGGAACA ACCATTCTAA AGCCTTTTAT GCTCAGCATT CAGAGAGAAG AATCGACCTG
1141 CACTGCCATC CACACAGATA TCATGGACGA CTGGCTGGAC TGTGCCTTCA CCTGTGGTGT
1201 GCACTACCAC GGTCAGGGGA AGTACCCGTG TCTTCAGGTG TTTGTGAACC TCAGCCATCC
1261 AGGTCAGAAA GCTCTCCTAC ATTATAATGA AGAGGCTGTC CAGATAAATC CCAAGTGCTT
1321 TTACACACCT AAGTGCCACC AAGATAGAAG TGATTTGCTC AACAGTGCTC TGGACATAAA
1381 AGAATTCTTC GATCACAAAA ATGGAACCCC CTTTTCATGC TTCTACAGTC CAGCCAGCCA
1441 ATCTGAAGAT GTCATTCTTA TAAAAAAGTA TGACCAAATG GCTATCTTCC ACTGTTTATT
1501 TTGGCCTTCA CTGACTCTGC TAGGTGGTGC CCTGATTGTT GGCATGGTGA GATTAACACA
1561 ACACCTGTCC TTACTGTGTG AAAAATATAG CACTGTAGTC AGAGATGAGG TAGGTGGAAA
1621 AGTACCTTAT ATAGAACAGC ATCAGTTCAA ACTGTGCATT ATGAGGAGGA GCAAAGGAAG
1681 AGCAGAGAAA TCTTAAGACG GTGGCCAAAT TAAAGTGCTG GCCTTCAGAT GTCTGTGATT
1741 TCTGCAACTC GAGTATGCG
FIG.4A

1 MFPLLYELTA VSPSPFPQRT AFPASGKKRE TDYSDGDPLD VHKRLPSSTG EDRAVMLGFA
61 MMGFSVLMFF LLGTTILKPF MLSIQREEST CTAIHTDIMD DWLDCAFTCG VHCHGQGKYP
121 CLQVFYNLSH PGQKALLHYN EEAVQINPKC FYTPKCHQDR SDLLNSALDI KEFFDHKNGT
181 PFSCFYSPAS QSEDVILIKK YDQMAIFHCL FWPSLTLLGG ALIVGMVRLT QHLSLLCEKY
241 STVVRDEVGG KVPYIEQHQF KLCIMRRSKG RAEKS

FIG.48
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1 CGCCGCGGAT CCGAAATGAA GGGACACTTA TGCAGAACCA TGAGTGGCCA GAGAGGAGGA
61 GAAGGAGGGT GAGAGGAGCA AAGAAGCCAT GACAACTTCA TAATTCTGAG TGGACTGGGC
121 AGTGGCCAGA AATTCTGGTG GTGGATATGC TGCCTTTCCA ACAGGTGAAT ATGAAAGAAT
181 AAGTCAAACC CTGTTCAGGA CGCTGTTAAT TCCAAATGTG AACTTTTTGA GTCATTCTTT
241 TCATGTGGAA TTCAAAGGAG AATGTAAACA AATTTTCAGG AGGGACGTGC AATATCCCTG
301 AAAGATAACA AAGTTCGTAA CACTTATTTA CATACAACAT TCTCTAGTTA TTGATTAAAC
361 AGATCTCTAC AGACTTGCAT GAGGCAACAT TTCTTAGGCT TGTTTGCTAC AATATCTTTA
421 AAAATACTTG ATTACACATC ACTTTAGCTT ATTTAGATGG ACTTTTCACC AAGCTCTGAA
481 CTGGGATTTC ATTTTGTTGC ATTCATCCTG CTCACGAGAC ACAGGACAGC CTTTCCTGCC
541 TCAGGGAAGA AGAGAGAGAC AGACTACAGT GATGGAGACC CACTAGATGT GCACAAGAGG
601 CTGCCATCCA GTACTGGAGA GGACCGAGCC GTGATGCTGG GGTTTGCCAT GATGGGCTTC
661 TCAGTCCTAA TGTTCTTCTT GCTCGGAACA ACCATTCTAA AGCCTTTTAT GCTCAGCATT
721 CAGAGAGAAG AATCGACCTG CACTGCCATC CACACAGATA TCATGGACGA CTGGCTGGAC
781 TGTGCCTTCA CCTGTGGTGT GCACTGCCAC GGTCAGGGGA AGTACCCGTG TCTTCAGGTG
841 TTTGTGAACC TCAGCCATCC AGGTCAGAAA GCTCTCCTAC ATTATAATGA AGAGGCTGTC
901 CAGATAAATC CCAAGTGCTT TTACACACCT AAGTGCCACC AAGATAGAAA TGATTTGCTC
951 AACAGTGCTC TGGACATAAA AGAATTCTTC GATCACAAAA ATGGAACCCC CTTTTCATGC
1021 TTCTACAGTC CAGCCAGCCA ATCTGAAGAT GTCATTCTTA TAAAAAAGTA TGACCAAATG
1081 GCTATCTTCC ACTGTTTATT TTGGCCTTCA CTGACTCTGC TAGGTGGTGC CCTGATTGTT
1141 GGCATGGTGA GATTAACACA ACACCTGTCC TTACTGTGTG AAAAATATAG CACTGTAGTC
1201 AGAGATGAGG TAGGTGGAAA AGTACCTTAT ATAGAACAGC ATCAGTTCAA ACTGTGCATT
1261 ATGAGGAGGA GCAAAGGAAG AGCAGAGAAA TCTTAA

FIG.bA

1 MDFSPSSELG FHFVAFILLT RHRTAFPASG KKRETDYSDG DPLDVHKRLP SSTGEDRAVM
61 LGFAMMGFSV LMFFLLGTTI LKPFMLSIQR EESTCTAIHT DIMDDWLDCA FTCGVHCHGQ
121 GKYPCLQVFV NLSHPGQKAL LHYNEEAVQI NPKCFYTPKC HQDRNDLLNS ALDIKEFFDH
181 KNGTPFSCFY SPASQSEDVI LIKKYDQMAI FHCLFWPSLT LLGGALIVGM VRLTQHLSLL
241 CEKYSTVVRD EVGGKVPYIE QHQFKLCIMR RSKGRAEKS

FIG.5B
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1 aatcatgtga gttcatcatt ataasacagc tgatttataa caactgattt taaagtgggt

61 tgttagcttg aagataaatg agatagggca tgaticaggt ttctgtgtac acactatatt
121 ctaatgaaag taattacaat tatcttctaa acagctgcag atattttttc tataaacaat
181 tttagatgtt acattgttaa atgttagctt tcaaattctt cacattttaa ctcaatgaag
241 tcctttttag caaacttaca ggaatcattg tatcattcag ctattaaata aggaattgtt
301 ctaattcaca tcttaattaa gaactttact aggttatatc tttigcaagt atgagaataa
361 tctagataga aggactagaa ttggattaaa ggtgatccag ataaaaatag taattctaat
421 gaggaaattt tttaacattg aaaatagtac cctgtttatt ttttttaatg ttagagtcaa
481 accattgcac attactgtgt aaaaatacac aaagatggta acttgctgct aaageccttt
541 ttacttttoa atctttgtat ttttttcacc tttgtaattt taagttgtgc ttttatcact
601 catttgtttt ctatctttat ttctgtttgg gttaaagtta caaacagcaa gtttttgtgt
661 ttaaattcct gaaaatgttg cgatggaatt acagtaatgt gttacggctt gggcccctcg
721 caggagtgta tctcgcagtc agcagtgaaa acaaagttcg aacagcacac tatcagaget
781 aaacagatac tagctactgt gaaaaacata atggattcag taaacctggc agctgaagat
841 aaaaggtatg agttcatttt gttgcaacat asaaatgtta gtttttttgt cagacttttg
901 ttaagatgag gttttaaatt gttgtactat aaatactttt tacactgaaa tcaaccttgt
961 gggtttaact gatgcctact tctatatttt taagtgcgta tttgaaagtg tcgatattta
1021 ttctgcaacc ttgcacacat catttatatc ccctggacct cactattect gtgtatgaat
1081 tgtgattttt aaaatgtttt gtggctttaa aatatctttg aagcagtgga agaaccattt
1141 cttcaagcag atttttatga agaagtccaa aacaggtgat cctctttctg cattcaacce
1201 acgacccatt ttttaatatg gtcatacatt ggtattttga aatcactatt ttatactagt
1261 tgtgtttgtt tattgcctgg tgaacaaaca aggcgatgct acctgccaac cagaaagttg
1321 atttggtaag cagtaccctt tatgttatac tgtacggcat tattttatac tatttgttac
1381 cttgtaaagg tggcaatgaa tacatgaaaa taccagcatt atcgatacaa agtataattt
1441 tcacaaactt ggtatgcttg aaacacagat cgggatgtta ttagatgtga caaaagctaa
1501 tgatgttaag cctcgatagg accttcagtg gacttaagec agttgaagga aacataaacg
1561 catcaaagct taagtccaag atgacataac attggaattt taaatgtatt tgctctitca
1621 gggacaaaga ccccttcatg tecctgtctg ttgctttata atggtacttt cttaggaatg
1681 aattaagttc aaatgcagag aattgccagc atataaaacg caaggatcag aaccctgagt
1741 ttgaactcag cccctgtgta cagecteegt gtggectctg tttaattaga tcgtgctact
1801 atagcagttc cttctagctc agttgctttg atgtagtacc caaattttgg cctaaaagtg
1861 atttaattag taataatttt taaagatata ggatgtigaa caaagtatag cacaaagaag
1921 atgtoatttg aggattgtat aatcataatg tcctgggaac ttcttaagta aaagatcttc
1981 ttaaatggat ctcaggtctt tattttcctg tatcagecag agttgaacaa acttttgttt
2041 aaaaaaagag ccagatagta aatattctag gctttatggg ccataaagtc tcttggaget
2101 actcatttct acagttttag agcaaaagca gccatagata gataataggt aaatgaatgg
2161 gtgtggctgt gtttcaagaa aactttaaca aaagctggca gctggctaga tttggcttgt
2221 aaggtgctat atgctgacce ctgettatta actaaagica gtattgeatt ctgttttgee
2281 tgttcatatc tatgaagact tagaattctt attcatcctt tctgggattc aggtgccaca
2341 tgggcagaga aacgtggttt ctatcaaatc atctatataa aatactttat aagtgaaata
2401 ttacttgaat cctttgagat gttacaagtt ttttttticc ttgagtcatg ctaatagatg
2461 gttcaataca tgaatgagtc ccttgctgaa atgetttagg acttcagact accctgaacg
2521 ttgattactc tttatactga aataggcatt attcagtgga agagagggaa gaccaaattg
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2581 atagactgga ctttattcga aaccagatga accttttaac actggatgtt aagaaaaaaa
2641 tcaaggaggt taccgaggag gtggcaaaca aagtgggtaa cagtagcttc atgattaaaa
2701 taacctggat ggaaattatt tttgataatg ctaaaaatgt tattcctgtt actttaaaag
2761 aatgttttca gatttttcaa tttaattttt ttgaataatt gataatcttg tttaattatt
2821 ttaactccaa aattttcata ttitcaggtt tcatgtgcaa tgacagatga aattigtcga
2881 ctgtctgttt tggttgatga atttigttca gagtttcatc ctaatccaga tgtattaaaa
2941 atatataaaa gtgtaagtta aagtatagat aaaattattc agagacagtt tcttattatt
3001 ctataccctc atttatttca tggtttggea tttcagtgta tcagtacaaa atgasactgt
3061 tagatctctt gtgccctctt gtaataaatg taaactgtct tgtataaaaa gtaaatagaa
3121 aatttatact tagaatgaga taaagatcat tttaggacga qgcacagtgg ctcatgcctg
3181 taatctcaac acttigggag gecgaggtag gaggatcagt tgggccccag agttcgagac
3241 cagcctggge aacacagtga gaactctaat ctacaaaaaa cagttaggct ggttgcggtyg
3301 gctecegect ttaatcccag cactttggga ggctgaggeg gacggatcac gaggtcagga
3361 gttcgagacc agcctgacca acatggtgaa accctgicta ctaaaaatac aaaaaaadaa
3421 ttagceggtg gcaggegect gtaataccag ctactctgga ggctgaggcg ggagaatcge
3481 ttgaaaccgg aaggcagaag tggeagtgag ccaagatcac accactgeac tccaacctgg
3541 gcaacaagag caaaactcta tctcaaaaaa aataaaaaat agccaagcat ggcgacacgc
3601 ttctatagtc ccagttactc aggagtctga ggcaggagga tcgegtgage ctaggaggtc
3661 aaggctacag tgagtcaaga tcaaagcact ccagcctagg caacaaagca agaccctgte
3721 tcaaaaaaaa aaaaaaagtc aaattaaaaa gaccattttg gcatttactg aatattitat
3781 gtctttataa aaactacata ctttctggag aaaaaataat atggatattt accattgtta
3841 acaggaatta aataagcaca tagaggatgg tatgggaaga aatttggctg atcgatgcac
3901 cgatgaagta aacgccttag tgcttcagac ccagcaagaa attattggta atatttatgt
3961 ctacaaggtc atgtctggtt tgttttttca ttcatgactg gtgaagagct tattttcctt
4021 taggcattec attgaaggta aaacatttac cattcttatc ttaagtgttg taattttgtt
4081 ctttctagaa aatttgaagc cattacttcc agctggtata caggataaac tacatacact
4141 gatcccttgc aagasatttg atctcagtta taatctaaat taccacaagt tatgttcaga
4201 ttttcaagag gatattgtat ttcccttttt cccttggget ggtcttecct tgtacatcga
4261 tttttgggce tagaaatget casagggtge tectaggatt atcagagect atctttcagg
4321 tatgtatctt tgaatctacc aattaagact ctcctttatt attttgttta tgtggttttt
4381 ctataataaa actagcttta caaaatctgc acatttaaaa gctagtatct atctcttaga
4441 gecatttctg aggtagatat ttagtttgag catctccaat ctgaaaatcc ttaaaggtcc
4501 aaaatgaaaa actttttgag tacggtgaca ccacaggtgg aaaattccac accagacctc
4561 aatgaggtca tagtaaaaac gcaggcacac aacacacagt ttattcagtg tcctcaaggg
4621 aaaaaagact cagcctcttc tagetgeaat atatcttttc cacgtatgec caaattccce
4681 cacacaagca cacctatgaa gggtactaaa atggcacatg tgcaggtcca gtgcaccaac
4741 agcattttcc ccatgatgee ccacaagggg ccaagacctt tgtgcattac ccagtatggg
4801 cttctttact tectgtettt tetctgatot aaagatactg tttaaaaaaa atttttitit
4861 gagtggggat gcgtttgaga cagagacctg cgetgtgget caggctggag tgcagtggtg
4921 caatcttgge tcactgcaac ctccacctce cgggtteatg cgattctect gectcagect
4981 cctgagcage tgggattata cgcacccacc accacaccca gctaattttt gtatttttag
5041 tagacatggg tttcaccgtg ttggccagac tggtctcgaa ctectgacct caagtgatcce
5101 acctgectca gectcccaaa gtgttgggat tacaggegtg agecacagea cccaggetgt
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5161 ttaaaatgtt taaaaggcct acagataccc ttgtgggtga cattgataag aaaaagaaga
5221 ggcatttatt tttatttata acacataaat ttaagctgtt ggaaaaactg gacaataatg
5281 taagtgagaa acttcttaca gaagaatgat gttggaatga acaccatata tgacctaaaa
5341 gaaagaacaa ctttcctaaa gttgticttt aggactaaac tgttgaagtt ccatgctaaa
5401 aatgatgaca gaagttaatg aaaaaaacaa aaacactgca gaaagttaaa aacgaagatc
5461 ttgatcatgc attgaaagag tggatccatc agcattgcag tgaacacgtg ccacttaagg
5521 acatgctgat catgaaataa acatctatta asatgaactg aaasatcgaag ggaactgtga
5581 gtattcaata ggctggttag agsaatttaa ggtaagatag cattaacttt tctaaaggtt
5641 tgtggtgtta aagcatcttg atcacaaaac agcagagaaa ttcattgatg aattigccaa
5701 gattgtctct gatgaaaatc tgactccaga acaagtctat aatgctgatg aaacatcact
5761 gttttgccat tattgaccca gaaagacact gactacagct gaggagacag cccctacaag
5821 aataaaggat gcaaagaaca gaataactgt gctgggatgt gctaatgcag caggcataaa
5881 tgtgaactta ctgtgatagg caaaagcttg catcctcact gttttcaagg aatgeatttt
50941 ttttactagt ccattattgt actaacaaaa aggcatggat ccctagggac atctttictg
6001 attggtttca caaacatttt ataccagctt gtgtgcactt gcagggaage taggccggat
6061 gatgactgca agattttgtt attccttgac aactattctg ctcatcgtct agctgaaatt
6121 cttattaaaa aaagtgtttc attatttcaa ccttgtgacc agggtattct acgatcaatg
6181 aagagtaaat acaaaaacct tttttgggca gcatgctagc agcagtgaac tgaggcctgg
6241 gtgtggaagg ttttcagaag gagtttagaa tgaaagatgc catagatgct tttgecagea
6301 caaggagttt aggatgaagg atgccatata tgccageact tggaagacag tgactcagtt
6361 gtgtatgcct gcagectctg cctgtcacta catttattga tgatgaggag caaattggtg
6421 actttgaagt atgtcaagtg agctccttat gcaaaaaata atatcttcag agtccatceg
6481 taagctggaa gaaggatata tcaaagaagt gtttgacatt gataatgagg tttcagttgt
6541 tcattcatta actgatggca aaatagctaa aatgcttcta aatcaaggtg attatgataa
6601 tggtgataat gaagatgatt tcattgacct cgcagaacaa ctgcctatag geageatggt
6661 gatgggctta ttgaagcact agagcagcat gtattcataa cagaacaaga aataggttta
6721 taaaatcaag gagagacttc aacaaaaacc attgttaaag aggcaagtag gtggtactge
6781 aggaaacatt ttaaaaggcc attcagcaca atgtcttatt atgccgagag gacccacttc
6841 ttggtcccte aactgcttet gatgtttett ctcacctaac aaagtactgt gtaccggaac
6901 tttttaatca aaacataaca ttgtaggtag agactgaaag cctgccattg ttgctgtita
6961 acagctgata caggtgttct ggtgatgcca ctgtgctget tagtttgaat acgttatttt
7021 tcactgttat taatggtgtg tcttatattt ttactattaa gttcctttgt gtgaatccgt
7081 gtaagaaaat gattgcttgt cagtagtatg taaattcaat caagaatgat ggtgatgcca
7141 aacaaccata gagtgttcac atgggtggct gacatagcaa cacctgtgtt tictgataag
7201 tcagtgtaca caaccttigt ttcatgcaca aaattattta aatattggat aaaattacct
7261 tcaggctatg catataaggt atatgaagca tasatgaatt ttgtgtttgg acttgggtce
7321 catcctcaag atagctcatt atatctatga actattcaaa aatcctasaa aatctgaaat
7381 ctgaaacact tctggtccca ageattttgg ataagggaca ctcaacctgt agtatgctta
7441 agggaaagct tatcctaaag ctttcgtcca atactgttge aggtggtgct acattcattt
7501 ttgaaacatt tctgttttct tasaagattt ggttttcaca tttcaaataa actagcataa
7561 atacaagcat ttttttaatt tttttttatt atacttttaa gttctagggt acatgtacac
7621 aacgtgcagg tttgttacat atgtatacat gtgccatgtt agtgtgctge acccattaac
7681 tcatcattta cattaggtat atctcctaat getatecete ctecttecte ccatcccaca
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7741 acaggccceg gggtgtgatg ttccccttee tgtgtccaag tgttctcatt gttcaattce
7801 cacctatgag tgagaacatg cagtgtttgg ttttttgtcc ttgcaatagt ttgctgagaa
7861 tgatggtttc cagcttcatc gatgtcecta caaaggacat gaactcatca ttttttatgg
7921 ctgcatagta ttccatggtg tatatgtgee acattttctt aatccagtct atcattgttg
7981 gacatttggy ttggttccaa gtctttgeta ttatgagtag toctgcagta aacatatgtg
8041 tgcatgtgtc tttatagcac catgatttat attcctttgg gtatataccc agtaatggga
8101 tggctgggtc agatagtatt tctagttcta gatccctgag gaatcaccac actgtcttce
8161 acaatggttg aactagttta cagtcccacc aacagtgtaa aagtgttcct atttctccac
8221 atcctcteca geacctgttg tttcctgact ttgtaatgat tgccattcta actggigtga
8281 gatgatatct cattgtggtt ttgatttgca tttctctgat ggccagtgat gatgaacatt
8341 ttttcacgtg tctattggct geataaatgt cttcttttga gaagtgtctg ttcatatect
8401 tcgeccactt tttgatgggg ttgtttttit cttgtaaatt tgtttgagtt ctctgtagat
8461 tctegatatt acccctttgt cagatgagta gattgcaaaa atttictccc attctgtagg
8521 ttgcctgttc actctgatgg tagtttcttt tgctgtgcag aagctcttta gtttaatgag
8581 atcccatttg tcaattttgg cttttgttge cattgecttt ggtgtittag acatgaagte
8641 cttgcccatg cctgtgtcet gaatgatatt gectaggttt tcttctaggg tttttatggt
8701 tttaggtcta acatttaagt ctttaatgca tcttgaatta atttttgtat aaggtgtaag
8761 gaagagatce agtttcaget ttgtacatat agctagccag ttttcccage accattigtt
8821 aaatagggaa tcctttccce atttcttgtt tttgtcaggt ttgtcaaaga tcagatagtt
8881 gtagatgtgt ggtattattt ctgagggctc tgttctgttc cattggtcta tatctctgtt
8941 ttggtaccag taccatgctg ttttggttag tgtttggtag tgtagtatag tttgaagtca
9001 ggtagcgtga tgcctccage tttgttctit tggcttagga ttgactigge aatgcgggct
9061 cttttttggt tccatatgaa ctttaaagta gtttttttcc aattctgtga agaaagtcat
9121 tggtagcttg atggggatgg cattgaatct ataaattacc ttgggcagta tggccatttt
9181 catgatattg attcctccta tccatgagea tggaatgtic ttccatttca cccattcaca
9241 attgcticga agagagtaaa atacctagga atccaactta caaaggatgt gaaggacctc
0301 ttcaaggaga actacaaacc actgctcatc gaaataaaag agaatacaag cattttaaaa
9361 gaaaaacttt aazaaattta tcaattcagt aattttttag gaaatttgtg aaattgtaaa
0421 accatcacca caatttagtt ttagtttttg tcacctcaaa gctgttttac tcatttgtag
9481 tcaattatga tttccacctc cagectcacc actaatctge cttctgttta tggatttgee
9541 ctttctggag gtttcctata aatgcaatca tatagaatgt ggccttatat gactaggtttc
- 9601 tttcacttag tataatgttt tcaaggttfa tcatcatggt atcagtgttg taggatgtat
9661 cagtactica tttcttatta cggetgagga atattccatt atagatacaa cactatccat
9721 tcaccagttg atggacatta gggtagtttg tagttttigg ccattatgaa tactgctata
0781 aatattcatg tacatgtttt ttatgtggac gtgcgttitc atttctctig agtatatacg
9841 taggttctaa tgggtataga gtagtaticg ttgtaggttt gatttgcatt tccctaatga
9901 ccaatgattt taaacatctt ttttgtgtge tcactageca tttgtgtate ttctittgtg
9961 aaatgtctat tcasagcttt tacctattit taaattattt gggtcctata gagttgcagg
10021 atttctttge atattctgga tcasatcctt tctcacatat atgatttcca aatatgtttc
10081 tttatttttt gagacaagga cttgctatgc ccaagctgga gtatggtggt gtgatcacag
10141 ttcactgeca cctetgettc caaggagetg ggaccacagg catgtgecac cacacctagc
10201 taatttaaaa gaaatttttg tagacacaag gtctcactgt gctgtgctgg ctggtttcaa
10261 actcctggte tcaagctatc ctectgecat ggecteccag agtgetggga ctacaggcat
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10321 aagtcactge acccagccce aaatatattt ctcttgectg tgactgtgtg ttttgaagtt
10381 taagaggttt ttattttgaa gtcctttttt tttttttttt tttttttgag actgagtttc
10441 actctgttgt ccagactgga gtgcagtggt gcaatctcgg ctcactgcaa getctgecte
10501 ctgggttcac gecattctee tgcctcagee teccaagtag ttgggactac aggeatccac
10561 cacctegetg ggctaatttt ttttttttat gtatttttat tagagacagg gtitcactgt
10621 gttagccagg atggtctcga tctectgacc tcgagatcca tccacctcgg ccteccaaag
10681 tgctgggatt acaggegtga gecaccgege ccggecgaag tectitittt tttttttagt
10741 ttatcatttt ttgttgttgt ttgtttcaag gattgtgctt ttgttgttag ttittttaaa
10801 aacacacttt gttcctcttg agagttgagg gectactgtt acatttagac cccattgtat
10861 attatgaass tttattgttc atgatatcat tggtccatat tgtagataag aatttccaaa
10921 ttatttttat tttctacata tatttgtggt gtactcatca tttagggtaa tttttccctc
10981 atagatgtgc tactataatt ttagagtttt ataaagataa ctttatagtt gtttaagtgt
11041 aatctttttt cctttctett tttttttggc agctccctag atctttaget tctactecca
11101 ctgctectac cactccagea acgecagata atgcatcaca ggaagaactc atgattacat
11161 tagtaacagg attggcgtcc gttacatcta gaacttctat gggcatcatt attgttggag
11221 gagtggtaag aaacattact tttagtataa ttaaaatcga aatgtttgca aggctgectg
11281 ttagctcaca aaagaaaagg tatacagtat ttacttctat ttataggatc tgtaaaatag
11341 tatgaaaatt tgcaggttaa aagtagtgaa ttaaatatca caagtttcat cttaaatttt
11401 taaaaaacat acatctttag gaatgaacta tcaccaccta gectggtcttt aatacttcct
11461 aagcattttc acatcacagc acacaaagaa atatttgtac gttgaggtaa taagaaaacc
11521 ccaggtgcec tatctagect tctctgaata tcaaggggat ctgtcttaag tattaaatgt
11581 tatttttagt agtagttctt atttgtttct ttaaaaaatg tatatcatta acagcatgga
11641 tatgcttgtt ttggtttitg asaggtctga cctacaatat ttaacattgt tttatttitg
11701 agatacattg aatcaggata agtctggcag cttataaagc tctccctcat ttgtgtgctg
11761 atccctttta agcctgattg atttctggta acttcaggtt ttetcatgga gaaggaatat
11821 acatttttag aaaatgtatc taactcaaag atccataggg aactaaaatg cttttaaatg
11881 tactctccaa agtggtgttt ttccttctca gactaageta tgactttatc ttacagattt
11941 ggaaaactat aggctggaaa ctcctatctg tttcattaac tatgtatgga getttgtate
12001 tttatgaaag actgagctgg accaccccat gccaagggag cgagccttta aacageagtt
12061 tgtaaactat gcaactgaaa aactgaggat gattgttagc tccacgagtg caaactgcag
12121 tcaccaagta aaacagtaag ttggaaggtg catctttcct ttaaaaaaaa gttactgaaa
12181 tatgacatac atgcagaaaa agcacaaaat aagtgtattg ctcaaagaat tatcacaaaa
12241 tgaacatgtt tcgtgatggc cataaatgag aaaaaataga acaatactaa acctcactge
12301 tgcectttet ccctectaat cactattctt cittccattc tcctgataga ttaggtttga
12361 acattagaaa attggtagat aggaactctc aagaactctg gaggggttta aaaagatagt
12421 tcttaatttt ttttcttttt tttcagagat agagtctctg tcgeccagge tggagggeag
12481 tggcacaatc tggctcactg cagectcgaa tettgggete aagtgatctt actgectceag
12541 cctcccacgt agctgggacc acaggtgigt gecaccacac caggataatt ttttaatttt
12601 ttttttttct ttgagacagg gactcaatat gttgcccggg ttagtcttga ccacctggge
12661 tcaagtaatc ctccctccte aagectectg agtagetgag attataggea tgagccacca
12721 tgcccaactc aaaagatctt cagcagacct attctaaatt tatgtacctg getgggcaag
12781 gtggctcacg cctataatce cagcacattg ggaggetgag gcaggcggat cacttgaggt
12841 cgggagttcg agaacagect ggccaacatg gtgasaccce atctctacta asaacacaaa
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12901 aattagccgg gcatggtagc acatgectgt aatctcaget
12961 agaatcgctt gaccctggaa ggcagaggtt gtagtgagec
13021 cagcctggge gacagagtga gactctgtca cacatacaaa
13081 agatttattt ttctattctt tgtctttttc tccttagaaa
13141 aataaaataa cttctaattg attaagaatt caggttatit
13201 tattctataa catttaggaa tgcatcaaaa ttcatgatca
13261 ggggcttcat cagatccgga atagaattta tctaaaagtg
13321 aaaaagctat gaacatcctg tctgtataac aacttggcca gcaacattce tggcgcaaag
13381 ggctaagget ccttcaagec ttgagaataa gacacttaaa agaataagcc caagctectc
13441 ctgagcgagg aggccgaata tigtcagtag aagcatggac tittggatgt gatctgtict
13501 ggageccegg acctageect tgttactttg tgatttttge acaagttcct cggactctct
13561 ggtcttctgt gtcctcatct getgaatgeg caaaaagtic ctacctectc aagttctgtg
13621 tctgaaggac attatgtict catagcactg agcacaatcc ctggcacatg gttactcagg
13681 gcacccaagt tatcattatg tgtctaggga aagttgggtt gggcatgcag ttgttgaatt
13741 ctettettte tgggtgageg ctgectctca geagetgatg ggggaatect tgcattattg
13801 tcactccagg agagaagata cctgcttcet gecaagcaaac ttacggtitc atacacttta
13861 ttggatctca aaggcagatc tttttttgtt ttgttttget ttcttgagat ggagtttcege
13921 tctcgttgee caggetggag tgcaatggca cgatctgatc gtggctcact geaatctctg
13981 cctcctgggt tcaagtgatt ctcctgegtc agectcccaa gtatctggga tgacaggeat
14041 gegecactat ggccagctaa ttttgtagtt ttagtagaga tgggtttcac catgttggta

agttgggagg ctgaggcaca
gagatcacat cactgaactc
agaaattaag cactggatat
gtgaaacaga aaaaaaacaa
gtgttcttat taataggggt
gatatcactt gccaagaatg
atcaagacat gcagacttat

14101 aggctggtct cgaactcctg
14161 ggattacggt ggtgagccac
14221 catctgctct aactcccaca
14281 acctgagact agaaatggtg
14341 tataatgtga gctgatgtct
14401 tgaagggctt tttaaaatgc
14461 tctagagatg ggacctggga
14521 actcatgtag tagaacaatt
14581 acctggtaaa gacttgatca
14641 actgtcaaag aatttcagct
14701 tttgtatgcc aggataggcc
14761 ctctctgctc ttgaaaaagc
14821 actagctcat aaatagtage

acttcaggag atctacctge gtcagectee taaagtgetg
cacacccgge ttaaaggcag atcttaaaag cacattaaat
ttgcacagag aaataagctg agttccaagg aggcagcata
cttaggttcc taagcccagg cctccaaggt ctatttactg
cccaaagtat aaatgtaggg tcacctgtgt taggatcata
aagttcttgg gtcctttace ctaattgttt tatcagaatc
atctgtattt aacagaggat cacacctgag ttcaagaacc
acctcaactt asaatatgaa atgtatctgt agcaagtgcc
cagtggattt caaacaagac aaagtattga gggctgttga
attatttcta ttagtttctg cctcactatc catcgagttg
aagttctctg gctcttgtga gettgtgtaa gtcagtgtag
ccaaaaagtg aattaacatt tgtatagact tagaattgta
cactagtatt atcactcaga gcaggaaaag catctgcaca

14881 gaggtgacac tggtttctct gatgtgagee tagttcagge agtcaggtge ccatttgatt
14941 agcaagatgg ctggagataa taatcagggt aaaggaaagg aaagatccca tcgaaggctc
15001 cagaagtttg tggcacagat catacttcct tgttgtttgt tttcctgcaa agagaatgta
15061 agatcagatg tgactttact tttgacagtt tgaattcttg ctcacatcag caaaaattct
15121 ccatattgga ataactgtcc agttaggggt ttacttattc tcctacgaac aaatatagat
15181 agtcacgcaa agaacatagg ctgttgtgta aattttaggt tgttgtcaat gatitgtgca
15241 tctctaaatt ggaaasacaca gacatagttt tcatgaacat ggagaatttc agctacaaaa
15301 taattcttag ccataatagg tattgtatat ttaattgaga gaatgtgaaa aacaatgagg
15361 aagtagtttc tccagtatgg tgaaaggcaa agagggttct tttttttcce ctaagtaaag
15421 catctactaa atgcaaaaga aatgattgtg gactctggaa tctggaatcc acgatgctag
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15481 cactttgcag taatagectc tttcatatat agatctcaca acagtttgta gacactaagt '
15541 ttttccatge tectgcaact cacactgagt ttttatttac tccctittta ctctggazaa
15601 gcagggcagg aagtttttaa agggttcctt gcagttacaa agctagaatt tgaacccagt
15661 gtcaaagcct ctgggtcaga ttgggaggag geccacgitg tgaacttgac agttaattca
15721 tggttgctat tttatggagc aggaagtgac ctttagtgac tcagaggaag gaataagctg
15781 agggagggtc caggagacca gaggtacagt gectggeatc tcttatcact geattctaag
15841 tggcttagec ttgctgtgtt cctgaatgeca cacattggga ttgcaactca caccgaccac
15901 tttaggttct tcttgagaga taggctgtga gtcctgaatg gagtgtgtgt gtgtaggagg
15961 cttggctttc aggccaagag tggagtgagt gtogtacttg gtggacagag aggccagttg
16021 gttatcaagt gaaggggcgt tagggaaaaa gttcagaggg caaaaagcta tgttgctect
16081 tctcacttat tgtccatgag tattttcttt taaatggaac cggaatcata agataagaat
16141 gaccaggagg ctctggtaaa ggcaggtgca agttttgtgt gacaagatcc tcatggacta
16201 aaaaatgatc atattictga ggttgaatca aatacataaa agcagcagca aatcacacac
16261 ttcttcgaag agagttacca agttgcaggg gaaatttatt agcacaaata agtctgaaaa
16321 ggaaaagcta tccatatata caaggttaag ttggaagaag gaggcagaaa gaagaaattc
16381 cagttgttat cattattttt tattccaaat tgcatctgtt cactaaaata cttcggactg
16441 ggtgcagtgg cttacaccta taatcccage actttgggag actaggcggg cagatcactt
16501 gaggtcagge attcgagacc agectggtca acatgatgaa accctgtctt tactaasaat
16561 acaaaaatta gccagtcgtg gtggcacatg cctgtaatcc cagctactcg ggaggetgag
16621 gcaggagaat cgcttgaacc tgggaggtgg aggttgcagt gagecaagat tgagecagtg
16681 cactecggee tgggtgacag agggagactc catctcaaaa aaacccaaac aaatatttta
16741 taaaatagaa atagaaaaat aatacaaaty aaaagtctat taagtatata tttttattaa
16801 gcaatattaa aatgactgca agtaagagtt tatatagcta tatgtacatg gatatttata
16861 gatgagatta cgcttacatt cttgcecaca ccatcttgga aaatgttaag ataatatcge
16921 cttgactgaa aaacatacag caaacatggt ctctttggca ttctgtcatc cacatctaca
16981 ggtgcctgta gcaatgtgtg gtactataat ataatggtaa ttgatgticc taatitggga
17041 gtgtggaaag atccccaaat gtcttttaag tcatcagaga aagataaaat astatttgat
17101 acagcttttc ttasaatttg agataatttt aatggcgagt tattttatgg ccctttgtat
17161 cttgaaaaat tgggaaatca catatggttt aasagcgaat tatcttaatt ggaacatgec
17221 attaactaga aaacccatta tttcagcttg cactctadca gacaatacgt ggaaaaggaa
17281 acgcggccag ggcaaaacat ttcctcttct tatasacctt gaactgagta cgtccctcac
17341 caattataga gggtcccctt gggectcaga actttccaca agegttgagg tctctatgge
17401 gatgctcceg getgecgagg cggaaacaca ggtgatgagg tggcggcaag cacagtgcaa
17461 agagagagaa gcagcttcgg ctgcagcaaa ccacgeaggt ccticttgat catctagaac
17521 tgaccgetee gecttgecag gagtcetgcag aaccacgtgg ctagcctgee tgaagttcte
17581 acctctccag gaaggeggag ggcttctaat ggctgeaget gegetagggg ctgggggete
17641 ccgctgagac tecacttceg tggatgteta agettcacct ttcttgegee cgeaggggca
17701 tgactcaggt gaaagggagc cattttctca gaccectgge ctcatgeage ccticageat
17761 cccegtgeaa atcacacttc agggcagecg gaggegecag gggaggtaag tcacttecgg
17821 aagctctgec ggtagtggga atctggctga acaagcagit gcaagaagag gggacatctc
17881 gagcttgggg agtgagtgtt tcctitttct ctgaggatge ccacttgeca tgecteccag
17941 ggtacccage aggettcecce agtageactc acatcacggg getgeagect ttcctgttgg
18001 ctctatcetc taggttgeca gttcttggag actggagace ttttaaactc acctgtaget
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18061 ccccagecact gatcatagee cageccatag ttggtgctca agaatgatct gttggttgaa
18121 tgaggaatga agaaattaga ccagcatttg gtcccattgg tgaagecctg gagtcacage
18181 ccttggattc aaacccaget caccacttaa tcagccatat gactgggcag gtcccattgg
18241 tgaagccctg gagtcacage ccttggattc aaacccaget caccacttaa tcagecatat
18301 gactgggcaa gtcacttaac ttctctgttt gectcatcte cttatctgtg aaatgcagat
18361 agtaagagcc cctgcgtgtc tcagcacagt ataccacatc ctctctaaac tatactgtta
18421 taccgggtat acgctctaca cctccctaaa ctctagectt ttagetattg ttattaccca
18481 ccctactctt ctccttaaag ggggaagtga gagattatit tcaggacceg ttttctcece
18541 agggaaatga aaagcaaaga agctgaaagc ctctagtgac ctgcacccet tttgectgee
18601 ctagggttag ggcatggggc agtcaatgty ggaaccaaaa tggagagaag agtgatgect
18661 gagggtgttg gacaaatggg atactaaaac ctittgtgcc aggcgeggtg getcacacct
18721 gtaatcccag cactttggga ggccgaggtg agtggatcac ctgaggtcag gagttcgaga
18781 gcagectgac caacatggtg aaaccccgtc tctactaaaa atacasaaat tagctgggea
18841 tggtggtage gegectgtaa tcccagetac tcaggaggct gaggctggag aattgettga
18901 acctgggagg aggaggttgc agtgagcaga gattgtgeca ttgcactcca gectgggega
18961 caagagccaa actctgtctc aaacaaagaa aaacctgttg ggaggggtac atticagaac
19021 caggttcact cactatctgg aaatatgcat gatttattat tggctctagt ggagttggga
19081 gctgagaatt ggaaaacatt aaagatggta atagtcatca tgttactcac ttccattatc
19141 acttaactgc actcaggggt atttgagagg gagcatgagg agagtgagat acaggagttt
19201 ggataagatg ggggttcagg gaagaaggac cagacagact acagagguad gaaaggtgtt
19261 cttctegeta gacatgaacc aatttttttg tgaacagaca attaaaatga attactttat
19321 ggcaaaagat caaatgacaa acatgcaagc aaacaagttt tagtgtccca tacgtcacac
19381 aattaactag atataaaggc agttgtgttg tcatcaaagc aaactactgt atcccatttt
19441 catttctgaa atgcacaact gaattattgc tatttcctct tgctgaactt gatgaactat
19501 gttgacttaa ccttatttgc tgtttcaaaa taagttgtta aataatgttg taattaaaaa
19561 atagaagagt aaaaataatt accaagggtc tcctctgtaa ccaaaacgaa ttacagggaa
19621 atattaatat agtgtacttc atgtttagac attcatttca catacacccg tgaaatgaat
19681 gtcagatgaa ttatgaagtt ttgatgagec acagcatgtt tctaaggaat acttctigea
19741 aaagtttcag tgctggaggg agaggciget ggcttctgtg gggatcacac ccaggtgagt
19801 gtgttcaggc tgtttgtaat tgagtttgec tcaggctaag ccagaagetg cctgtageca
19861 tgtgtcgtac ttgggctggg tgggaaagtc agtcctatct gcagtgaaga gaatagaagg
19921 tggtggatat tgccttgatt atgaataaaa cagctcaagg taatacactg gttagaageg
19981 gacatgtatt actggcagaa aaaggaatca atatgctttt tatccatctt cctgactaga
20041 aagcaaacta gatcatactt aagtgctttg aggtccttgg atgaaagatg cttgtaaata
20101 caacaaagtt aattacaagg ctgtttatgg tctgagaasaa ctggaaacaa cctaataata
20161 ttcaataata aggaaatggt taaggaaata tggcatatct aattgatgga acattatgta
20221 gccaatagga ttacaaagaa ttgttaatga catgggaaag tgcttattat gttaagtgaa
20281 aaagataaga ttaacaaaaa aatctcaast catatctaat gtgatctcat tctgtttaaa
20341 acaatatagg ccaggtgcgg tggattatgc ctataatctc agcactttgg gaggccgagg
20401 caggtggatc acctgaggtc aagatttcga gactagectg gccaacatgg tgaaaacceg
20461 tttctactaa aaacaaaaaa attagctggg cgtggtagce ggcgcctata atcccageta
20521 cttgggaggc tgaggcagga gaattgcttg aacccgggaa geagaggttg tagtgagetg
20581 agatcatgcc actgcactgc agcctggatg acagagtgag actccatcic aasaaaasaa
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20641 aaaaaaaaaa aaagadaaga aaaagaadaaa Caaaacagaa acaaaaaaca ajaaacaaaa
20701 aacctaatat agagcaggag gggattaacc cagcaaadca agtgcacaat cattaccttt
20761 aagtgttgtg ggotgagtitt tgttctettc tgtacattit ttittgtatt tttcaagtit
20821 catacaatga gcatataaaa atatattact ttcatgaatc atttgacatt tgttgaggaa
20881 ttetttgtog ctaagtttgt agtcaggtct tgagaggtga caacgtgctg geageccttg
20941 cagcectege tegeteteeg cgectecteg gecttggege ccactetgge cgegectgag
21001 gagceccttt ctgggctgge caaggctaga gecggctece tcagettgea gggaggtagg
21061 gagggagagg cgcgggeggy aacceggget gtgegeggag cttgegggee agtccgagtt
21121 ccaggtggge gtggactcag cgggecagea ctcegagtgg ccgaccggec tacaagecac
21181 ggacagtgag ggacttagca cctgggecag cagetgetgt getcaatttc tcacagggee
21241 ttaggtocet cccegegggg cagggettag gacctgcage ccgecatace tgagecteec
21301 ccegecteeg tgggctectg tgecgeeega gecteectga tgagegetge cecetgetee
21361 acggcaccca gtcccatcca ccactcaagg tctgaggagt gegggeacac geacaggact
21421 ggcaggcage tccacctgtg gecceggtge gggatccact gggtgaagec agetgggetc
21481 ctgagtctgg tggggacttg gagaacgttt atgtitaget aagagattgt aaatacacca
21541 attggtactg tgtatctagc tcaaggttta taaacacacc aatcagcacc ctgtatctag
21601 ctcagggttt gtgaatgcac caatcgacac tgtatctage tactctggtg gggacttgga
21661 aaacgtttgt gtccacactc tgtatctage taatctagtg gggatgtgga gaaccttigt
21721 gtctagctca gggattgtaa acgcaccaat cageaccetg tcaaaatggg ccaattaget
21781 ctctgtaaaa tggaccaatc ggctctctgt aaaatggacc aatcagcagg atgtgggtgg
21841 ggccagataa gagaataaaa gtaggectgcc ccagccagca gtggcaacct getcaggtcc
21901 ctttccacgc tgtggaggat ttgttccttt getctttgea ataaatcttg gtactgctceg
21961 ttctttoggt ccacgetgec tttatgaget gtaacactca ctgcgaaggt ctgeagette
22021 actcctgaag ccagggagac cacgaaccca tcgggaggaa tgaacaactc cagaggegec
22081 gecttaagag ctataacact cactgcgaag gtccgegget tcattcttga agtcggtgag
22141 accaagaacc caccaattcc ggacacagtt tcataaatgt tccatacatg cttgagaata
22201 atatatattc tgtagaagtg agtattctat atttatcatt tagataaaac ttgttaattg
22261 ctttacttaa atctattacc ctactggttt gttcaggtca agctatctaa attactggag
22321 gagtgtataa aaatacatca taatctgata gtggattttg tctatttctt cttgtagttt
22381 aatcagtgaa acaatgctat caggtaccta caaattagca ttgttacatt ttccgtgtga
22441 attgagectt taatcagtgt taaaacactt atttttaaat ttctaataaa getttttaat
22501 ttttaacatt catgtttgct ttttgttaca ttttgcctat aaatttcacc ctttttgtat
22561 ctgtgtttta gatgtatctt ttgtaaaaac atgcatatag atagttctcc atttacagig
22621 ggattacatc ctgacaaatc catcataagt ggaaaatact gtaagttgaa aacttcagag
22681 tattagctat ttaccctcat gattgtgtgg cagactggga actatggctg getgecactg
22741 cccagcatct caagagagta gggtactgea tatcgetage ccaggaaata atgcaaatic
22801 aaaatttgag gtacagtttc tactgaattc atattgcttt cacaccatag taatgtaaaa
22861 aaattgcaag tgtggggcgg ggcgggccat ggggegggcg gaggegeceg ageeccgett
22921 cccecgegee attecaccee cggecagget cageeegegg ccacctacge cccgeccctg
22981 ccggetgege ccgageccag teccgegage cgeteceegg cgggetgget cttggeceeg
23041 gaagcgegag cgttcacttc geggegagtg getccgtetic cgeggacaga gegegegecc
23101 cctggeeegg cccgeggggg ggggetecgg cacggtecee gagegtttcce cgeecgggtag
23161 agcgggecga geecageagg ttgaccagee cegeggecac gcagageedg gagatctact
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23221 gtttgagcge ggaagegeag aggetggegg aggeccgget cgccgeaaaa cgggaggecc
23281 gcgeggagac tegtgagatc cccatgaagg agetggageg gcagcagaag gaggtagaag
23341 agagaccaga aaaatatttt actgagaagg ggtctcgtaa catgctggge ccgtetgeag
23401 ccacgetage ctttctgggt gggacttcct ctcagagagg cagcggagac acctctatat
23461 ccatcgacac cgaggcgtcc atcagggaaa tcaaggactc tctagcagaa gttgaagaga
23521 aatgtaagaa ggctatgttt tccaatgctc agttagacaa tgaaaacaca aacttcattt
23581 accaagttga caccctgaaa gatatgitge tggagattga agaacagctg gctgaatata
23641 ggcggcagta cgaagagaaa aacaaataat ttgaaaggga aaaacacgcc cacagtatac
23701 tocagtttca gtttgctgaa gtcaaggagg ccctgaagca aacagaggaa atgctcgaga
23761 aacatggaat aatcctaaat tcagaaatag ttaccaatgg agagacttcc gacactctca
23821 gtaatgtttg ataccaagat cctaccaaga tgacgaaaga agagttaaat gccctcaagt
23881 cgacagggga tgggacccta ggaaagccag tgaggtggag gtgaagaatg aaatcgtgge
23941 gaatgtgggg a3aagagaaa tcttgcacaa tactgagaaa gaacaacaca Cagaggacac
24001 agtgaaggat tgtgtggaca tagaggtatt cactgctggt gagaataccg aggaccagaa
24061 atcctctgaa gacactgecc cattcctagg aaccttagea ggtgctacct atgaggaaca
24121 ggttcaaagc caaattcttg agagegettc tctccctgaa aacacageac aggttgagtc
24181 aaatgaggtc atgggtgcac cagatgacag gaccagaact ccccttgage catccaactg
24241 ttggagtgac ttagatggtg ggagccacac agagaatgtg ggagaggcag cggtgactca
24301 ggttggagag caggcagaca cagtggecte atgtecttta gggcatagtg atgacacagt
24361 ttatcatgat gacagatgta tggtagaggt cccccaacag ttagagacaa gcatagggca
24421 tagtttagag aaagaattca ccaaccagga agcagctgag cccaaggagg ttccagtgca
24481 gagtacagaa gcaggtaggg atcacaacga agaagagggt gaagaaaaagd gattaaggga
24541 tgagaaacca atcaagacag aagttcctgg ttctccagca ggaactgaga gcaagggtca
24601 ggaggcgaca ggtccaagta cagtagacac tcaaagtgaa ccctcagata tgaaagagec
24661 agatgaagaa aagaatgacc aacagggaga ggcattggac tcattgcaga agagaaagaa
24721 caagaaaaag aaaaagaaga ggaaaaaatc cccagtaccc atagaaaccc ttaaagatgt
24781 ttaaaaagag ttaacttatc agaacacaga tttaagtgaa attaaggaag aagagcaggt
24841 aaagtctact gacagaaagt cagcagtgga agcccaaaac gaggtgactg aaaatccaaa
24901 acagaaaatt gcagcagaaa gcagtgaaaa tgttgattgt ccagagaatc ctaaaatgaa
24961 gttggatgga aaacttgacc aagaaggcaa tgatgtaasa acagcagetg aggaggtact
25021 agctggtaga gacacattag attttgagga tgtcacagtt caatcatcag gcccgagggc
25081 tggtggtgaa gaattagatg aaggtgttgc aaaagataat gctaaaatag ctggtgecac
25141 ttaaagcaat cctgaagaac cagagagcga agatgcagat cactgcaccg tacccaaaaa
25201 tgaaagtcce tcacaggaca ttagtgatge ctgtgaagca gaaagtacag agaggtgigg
25261 qatgtcagaa catccaagtc agaccatcag gaaagcttta gacagcaata gcctaaaaaa
25321 ccatgacttg ttggcaccag gaggagagece gggggactic aatccagaaa gcagagaaga
25381 taccagagga gggaacgaga agggcaaaag caaagaagac cgtaccatgt cctaagetga
25441 ggcaggcgge aggcgtggtg cacaggaagt ctgagtgtga ggggctcttt tctctccact
25501 gccaatgtaa gtagaatgtt ctaaattcat agagatgcac tgtatgccaa tcaccaggtg
25561 atctactgct ttaagttata gactgttact tgtagattte catgtaatca ttgaggttat
25621 cacccagatt agaaagacat atttgttatc agtgtacatt ctaattgaga geatatatcc
25681 agtagtatca aacaataatg tctactgttt atagtccact taataasaat agaagcattt
25741 accatttgcc ttaggctgat aggaatgtga atattcttga ccaaatatat cagcatctaa
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25801 ttgaaatgac caaatagcat tcttagactt ctgtattatg aatataattg atatttaaat
25861 taatgtcttg ttcatatatg tgtactttca tatttgattt taaaatatac attataacct
25921 gtatggtatt ttatttaaag gagataaacc gccaaatagc aaataggtca ctgaaaagat
25981 ttgcacctta gaacaataat cattttaagg ataacaagta aaggtctgaa agcatgaggg
26041 gctttatttg ccttcacctc atataagtet ttgattttga accaatgett ttggatctca
26101 ttgttgatga tacttgaatt tactttgtag gagattttaa cttcatgctg atgatgtatc
26161 aaattcattt tatacaaagt ttaaagattt tttctggaag tgatacatgt caaattacat
26221 ttcctactge agtatttgag cagggacagt cattttttaa atgtttitgg ccgggtgtgg
26281 tggctcacge ctgtaatctc agcacgttgg gaggccaagg cgggtggatc acctgaggtc
26341 agaagttcaa ggccagcctg gecaacatgg tgasaccctg tctctacgaa aaatacaaaa
26401 aattggccag gegtggtagt gggegectgt aatcccagec actccggagg ctgaggcagg
26461 agaatcgctt gaacctgcga ggcggagatt gcagtcagee aagatcaage cattgtacte
26521 cagectggac aacgagcgaa actctgtcta aazaacacac acacacacac acacacacac
26581 aaaacaatgt tttcatgcct gtaaccctag cacattggga agccaagttt ggaggatcgc
26641 ttgaggecag gagticaagg ctgcagtgag ctatgattge accactatac tctagectgg
26701 gagacagagt gagaccctgt ctctaaaaaa aagaaaaagt tttigaacct taaaattact
26761 tctctttgtt tgaatttcta atcatcattc asaagaacag ttaaasaagg ttacttgttc
26821 ttgtgcaact acaaattaga ctggagtagg atattttaaa gagctgaatc acttttggta
26881 ttttgttata aatgttttca tttgttatgt cccagtatat tcttattgga gaattcttgt
26941 tttgatctge ctgaagaaaa tatctgttit ctatataaag aaacatttaa aaataattgt
27001 aaagttagat ttaattgtaa aatatasaat cacaaaggaa tgtaccttat gaatgttgac
27061 attttatgaa attatgtaga ttcatattac tgttacaaga tagaattgaa tgcaaaaaga
27121 ccaaatccte attaaaattt gaggaaaaca taagtgttat tatgtaattg aaataaaaac
27181 attttatagt tgtaaaaaaa attgcaagtg gaaccatctt aagttggggg acatctatat
27241 gtatttaaat ctagtctgac aatctttata tttgasaaac agttttttta gagatagagt
27301 ctcacctatc actgaggctg gagtgcagtg gcacaatcaa gettattgea gectcaaaca
27361 cctgggetca agcaatecte ctggetcage ctectgagta getaggacta taggtgtgee
27421 actacaactg gatggtgttt taatttttat tgtgtagaga cagggtcitg ctatgttgee
27481 caggctggte tcgaactcct gggttcaagt gattctccca cgttggtttc ccaaagtgtt
27541 gggactatag gcatgagcac cacagectge cctactctct atctittaac tggatcattt
27601 actccattta gttttattgt aattactgat atactgatgc aataacatta ttctatcatg
27661 ttattctgtg ctatttgtce tgacttnttc atgagttttt ccctcatctt tattgecettt
27721 trtggattga ttttttccct ttccattcti tgtttctcta ctagtttgga atttctggag
27781 tatcacctaa aagagtagag aaaggtgata tttctattta gcatgcatat ttgaacttit
27841 caacatgaaa ttaatgtctt tatttttccc catggaaaaa ttatcactgt tactccctct
27901 aaattatatt ctcttgtcat gtatttatct tttcttttaa ccccacaaga cataatagta
27961 ataagataat tactattatt attattttgt agaattaata tctttttitt tctttgagat
28021 ggagtctitc tctgttgcce aggctggagt geagtggtgt gatcttgget tactgcaacc
28081 tctgectect gagtttaggt gattetectg titcagectt ccgagtaget gggattacag
28141 gtgtgtgcca ccacgtccag ctaatttttg tattttttgt agagatgggg tttcgccatg
28201 ttgggcagte tggtctggaa ctcctgacgt caggtgatct geccacctgg gecteccaaa
28261 gtgttgggat tacaggcgtg agccactgtg tccagectag agttaatatc tttacttacc
28321 tgtttacttc tgtatttgct cttcatttct ggttaaatat cagetgttat ctggattttt
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28381 ttcgttctge cttgagtaaa tacttgacce ttttccttca gtgagggtct atcaaggaca
28441 aactcagttt tgtgtttgaa atgtctttgt ctgaaatgtc tttattcatt gagaggattt
28501 ttttgtagac atagaattct gtggttactt tttctcagta tattgataat attcttgect
28561 tatggcttct agtcttgtta cagagaagta agctctcage caaattgtca ttactttgaa
28621 gttaattgtc tttttctttg gegactgtta agatticctc ttgtctttgt agetgtgeaa
28681 tatatctgtg atgtgtttaa gtgtggttcc tctttattit atcccatggg cttctggagt
28741 ctgggaactg gtcttcaatc agttctagaa tttgactatc tttttaaaat attgettctg
28801 acttatgtct cttttcttct ggaattctga atagatatta tgttacacta tttaatctat
28861 ctttcatgtc tctgaacctc tctttaatac tttccattta aaaatctctc tgtattatac
28921 tctggctatt tttgcagatc cagetctgtg ttcactaatt atcttctcag atgtatctaa
28981 ttgagtgtta tgtctgttca ttaaattttt actttcaatt attttatttt tgatttctat
29041 aaattctttt ttaaatatta gctctacatt ttagaattcc ttgatttctg acattttgga
29101 tccttecttt atttctttaa atatgttaca gatgtgtatt ttatattcta tgcaaatatc
29161 tgaaattttt cgtggatctc attttgtggt ctattttttt tgcactcaaa cgecttgatt
29221 tcctgtgtgt tttatgactt ttattttatt ttttattatg tatttattta ttcattttit
29281 tttgagatag agtcttgctc tgttgcccag actgaagtgc agtggcacga tctcagctcea
29341 ctgcaacatc caccttctgg gttcaagtga ttgtcccacc tcagectece gagtagctgg
29401 gattacaggt gectgecact acacctgget aatttttgta tttttaatag agacagggct
29461 tagccatgtt ggccgggcte gtctcaaact cctgacctca ggtgatccac ctgecttage
29521 ctctgaaagt gctgggatta tagccatgaa ctacctegec tggctgttgt gtgttttatg
29581 acttctaaat gagtgcatat actccttgga catttatata cgtcttcttt ttttatttta
29641 ttttatttga gacgagtctt gectctgtcge taggctggag tgcagtggeg caatcttgge
29701 tcactgcaac ctccgactce ttgttcaaag gattctectg ccgcageage tagaattaca
29761 ggcacgtgce accacgecca getaattttt tgtgttttta gtagagatag ggtttctcac
29821 catgtaggce aggatggtct cgatctectg acttcatgat tegeccacct cgacctccaa
29881 aagtgctggg attacaggeg tgagccattg cgectggect atagaattct tttaaggect
29941 aagttaaatg tgtgtgccta cagagaacat acgtatttaa atttgccagg ttgcagagag
30001 cactacctac ttaaacaaca ttacacgaaa ttcttagett gagattittg tattacccag
30061 gtagtatgaa ttcaggctgt aaactccctt gaggatccce ttgaggatta tctaaaattt
30121 caggggagat tgtagttttc ctcttttagt cagtgttaag gtttgagaaa ggcattttcc
30181 ttgccatttc ctatggagtg gtacggtgtg ggtgaaggga gaggggctat ttccagttca
30241 acctgacact gacttttaag tcctttgggg tcccagetct agttggatgg tatattaaac
30301 tacatacctc ggatagaccc tggacattgt ctcetgtecc tgtgacccta taaactgiga
30361 aacaazagct caagttcacc aagttccgea aatgecctca agttaaaact tgactictgt
30421 ccaccttcet ttctgggttc ctactttcac atagtttttg tcttttgagt atticcaatt
30481 ctttttaagc tttggccaga agttttagtt gtctgtagtt agagtgggtg tctagtgtac
30541 cataccactg aaacagaage ctgttacttt tacaataata aaaacatatc tatgtgggct
30601 ttttaasaas atttttazat ttatttattt actttttttt ttgagatgga gtctcactct
30661 gtcgeccagg ctggagtgea gtggcatgat cttggetcac tgcaacctct gecacceggg
30721 ttcaagcgat tttcctgeet cagectectg agaagetgtg attacaggeg catgccaccg
30781 tgectggcta aattttgtat ttttaggaga gacaggtttc accatgtigg tcaggctagt.
30841 ctcaaactce tgagctcagg tgatctgece accttggect cccaaagtge tgggattaca
30901 agcatgagce actgcacctg gecaaaccta tctatgtttt agttttttat gattatttta
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30961 tattatccct tecccacaca tgaaataact tctttccaag tgacttatga agttgtcaac
31021 ttttcataaa gccttggaac aaagtgggca gaaaaattat aaataaaaag tcttgtctag
31081 gacagtacag gtctgtctta ttcctaaatt agatcagaat cgggttatge cggtttttta
31141 taacatacca ttataattgg gtatgttaaa gaatgtatta gagatgcatt agaagagcga
31201 cctcattata agectcttca cccatggatt ccaaggatat cttacaataa acctctggga
31261 taccttacgc tacagagcaa ctaaagtcca getttagage acaagggasa atgcaggata
31321 ttgggtcctg gaaactacaa aaaccatcaa actctacttt agggctaaaa ctttctttta
31381 atcaatctgt catatttatt gataaattag aaaatgtggc tgggtgcagt ggctcacace
31441 tgtaatccta geagtttggg aggecgaggt gggtggatca cgaggtcagg agatggagac
31501 cattctggct aacacagtga aacccgtctc tactaaaaat acaaaaatta gecgggegtg
31561 gtggtgggcg cctgtagtee cagctactca ggaggcggag gcaggagaat ggcttgaacc
31621 cgggagacgg aggttgcagt gagccgagat tgccccactg cactccagece tgggtgacag
31681 agggagactc catctcaasa aaaazaaaaa aaaagtacag gttcaaattt cattaaattt
31741 tttttccatg ccecttetet ggtggtagge tgatagggga tgagtaaaat atcaaagaca
31801 actaaaaatt cctaaactag atcctegggt cccaaagaag tgttaaccat ggagtgcecc
31861 accttctgag gttggtgctt cctggcacag getcttggaa cattctggat tgtctgacat
31921 tecttttact cgctttagaa cctaaagatg ttgetggggg aaaagggage tagggagagg
31981 gaagaggaag gatgtgggat aaggcataaa ctatgcttgt gggaaaaaaa caaccagtaa
32041 tttccttgat ggagtttttg cttgacttta aaatgcagta agettttagg aagcttgatg
32101 gagectgtgt ttctaccatt agtgctgcat ttgttiggct taagatttca ttaagcttct
32161 taaaatggag atacttctgg aactcaaatg gectactgagc agggaatgge aaatcagtga
32221 cactgtagga agtggaggga ttttggcaaa ctagagaaca caccttccac aggggcagec
32281 actgctctge tgggeccget gttcatetge agggacgtge atcttgggat tatttccaaa
32341 gtcagaactc agcattttta tgagaaatgt catgattttt aaggtcttaa caagttatcc
32401 cacattaaaa aaataataat aasaccaggcc gggtgcagtg getcacgect gtaatcccaa
32461 cattttggga ggctgaggtg ggtggatcat gaggtcagge gttcgagacc attatggeca
32521 acatggtgaa acactgtctc tacttaaaat acaasaatta gctgggcatg gtggecggcg
32581 cctgtaatcc cagctactag ggaggctgag gcaggagaat cgcttgaace tgggaggcgg
32641 aggaggttgc agtgaactga gatcgtaccc agectgggca acagtgcegag gttccgtctce
39701 aaaaaaaacC aaaaaacaca aaaacaaaaa acgacagaga aggccaaaca aaacacatct
32761 gtgggctgga tgccgecatg cccaccggtt tgcgaccttt gtgttggact cttctgtica
32821 ccagacacce tgcectgega gaatgtatct catectttge tggageaggt ttgcaggcac
32881 agtggagaga ggagagaaga aatgaaggga cacttatgca gaaccatgag tggccagaga
32941 ggaggagaag gagggtgaga ggagcaaaga agccatgaca acttcataat tctgagtgga
33001 ctgggcagtg gccagaaatt ctggtggtgg atatgctgec tttccaacag gtgaatatga
33061 aagaataagt caaaccctgt tcaggacget gttaattcca aatgtgaact ttttgagtca
33121 ttctttccat gtggaattca aaggagaatg taaacaaatt ttcaggaggg acgtgcaata
33181 tccctgaaag ataacaaagt tcgtaacact tatttacata caacattctc tagttattga
33241 ttaaacagat ctctacagac ttgcatgagg caacatttct taggcttgtt tgctacaata
33301 tctttaaaaa tacttgatta cacatcactt tagcttattt agatggactt ttcaccaage
33361 tctgaactgg gatttcattt tgttgcattc atcctgctca cgagacacag gtaggcagea
33421 aatgagatta tccctccagt ccccatggat tggaaatgti cccccttctt tatgagcetea
33481 ctgcagtatc tccttctece tttecccaaa ggacagectt tectgectca gggaagaaga

FIG.8



Patent Application Publication Nov. 17,2005 Sheet 22 of 27 US 2005/0255559 Al

33541 gagagacaga ctacagtgat ggagacccac tagatgtgca caagaggctg ccatccagtg
33601 ctggagagga ccgagecgtg atgctggggt ttgccatgat gggettctca gtectaatgt
33661 tcttettget cggaacaacc attctaaage cttttatgct caggtaagaa acagaggaag
33721 gaaatctaga gtttccaatt cagataagat ccaggcacag cggtaaagga ggagaggctg
33781 gctttggttt ctcaatctgt gactctctge catggtctag asaaagaaaa atacaattce
33841 tctteegetg tcagtactgg gagcagetgg gtgtggagga agaggtggcg agaaggtcaa
33901 agatatttcc ctgcactgee tecteccate teataatcta tatataccic caaacacgta
33961 atccacaaat tatagtttct tcatttaggt cataaatcct ccccttaaaa tgttggtatt
34021 ccaagagaga gttaaacctt gtatgtgagc acaataaaag ttttttgagt ctgaattttt
34081 tgagtttgac agtgtctacc tggcacatag tagttgctca atacatatta gtttccitcc
34141 ttttaattag gttctttatt caatatatgt agtgatacag ttgacctttg aacaacatgg
34201 gtttgaactt cgggaatcca cttataaatg gattticttc tgtgectgee acccctgaga
34261 cagtaagatc aatccctcet ctitetecte ctecteagee tactcaacat gaagaggaca
34321 gggagaggac ctttatgatg atccacttce atttagtaaa tagtaaacat gttttctcit
34381 ccttatgatt ttttttcttc aatttttgtt ttaagttccg gggtacatgt acagaatgtg
34441 caggtttgtt acaaaggtaa acgtgtgeca tggtggtttg cagcacagat caacccatca
34501 cctgggtatt aagcccagea tgcattaget attcticctg atgctcteee teccectact
34561 ccactgagag gccccagtgt gtgttgetece cctctaggtg tecatgtgtt ctcatcattc
34621 agctcccact tttaagtgag aacattcagt gtttggttct ctgttictge attagtttge
34681 tgaggataat ggcttccage ttcattteat ctatgtccce geaaatgaca tgatcttgtt
34741 cttecttatg attttctttce cttttctttt ttctgagacg gagtcttget ctgtcaccca
34801 ggctgaagtg cagtggcacg atcttggetc actgcaacct ctgecteccg aattcaagea
34861 gttctcctge ctcagectee caagtagetg ggaccacagg tgtgtgccac catacttgge
34921 taatttttaa attgttggta gagatgggat ccccctatgt tgcccaggct ggtcgtgaac
34981 tcctaagetc aagtcatcct tctaccttgg tcteccaaag tgctgggatt acaggeatga
35041 gccaccatge ctgaccagta gttaaatttt tgaggagtca aaagttatat gcasatttic
35101 gactgcaggt ttgggggtgt ggtgttggea tccctaacce ctgaattgtt caagggtcaa
35161 ctttagttgc tacttattaa gtatatgctg tatgctcaat acatactata ttttatccta
35221 cttaaaccta cagcagecca tgatggaagt gttattttag ttttcatttt ataaatgaga
35281 aagctgaggc tcagaaaggc caagtaactt geccaagttc acatagccgg taaataatat
35341 gectgteatt ctgacgtaag acttgcttct taatacctaa atgatgtttg ctgaaatgag
35401 gggaatgagg gttctgatta gggaagggga gggactattt aattttgtag gatggcccac
35461 acaacatgtg gtactctggg gccaggtcag ttcagggtaa aaggaaggca aggggtgett
35521 tttggacatt gctitatttt tggacagcec tttttttttt ggacagccaa agagcaacag
35581 gaggcccagg gggagtggaa gaggaaggec taggagtica gtgagggaaa ggggtcataa
35641 aaaaggaaga gagtggccta cttctgttat ttatgatica tctcctgeca ttectaggtt
35701 accattgtta ggggaaagat gtagaagtca ccatttacta tagcacacag tgccactgtt
35761 ggaagaattc cgcggatcct ctecctatag tgagtcgtat tagcggecge aaatttatta
35821 gagcaatata gtcctacaat gtcaageteg accgatgece ttgagagect tcaacccagt
35881 cagctccttc cggtgggcac ggggcatgac tattggeacg ccggatcgat ccttaattaa
35941 gtctactaga taacttcgta taatgtatac tatacgaagt tattatctat gtcgggtgcg
/36001 gagaaagagg taatgaaatg tgccccgett acgeagggea tccatttatt actcaaccgt
36061 aaccgatttt gccaggttac geggctgeag geatgcaage tttggegege cgtcgaccaa
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36121 ttctcatgtt tgacagctta tcatcgaatt tctgecattc atccgettat tatcacttat
36181 tcaggegtag caaccaggcg tttaagggea ccaataactg ccttaaaaaa attacgccecc
36241 gecctgecac tcatcgeagt actgttgtaa ttcattaage attctgecga catggaagec
36301 atcacaaacg gcatgatgaa cctgaatcge cagcggcatc agcacctigt cgecttgegt
36361 ataatatttg cccatggtga aaacgggggc geagaagtig tccatattgg ccacgtttaa
36421 atcaaaactg gtgaaactca cccagggatt ggctgagacg aaaaacatat tctcaataaa
36481 ccctttaggg aaataggeca ggttttcacc gtaacacgec acatcttgeg aatatatgtg
36541 tagaaactgc cggaaatcgt cgtggtattc actccagage gatgasaacg tttcagttig
36601 ctcatggaaa acggtgtaac aagggtgaac actatcccat atcaccaget caccgtctit
36661 cattgccata cggaactccg gatgageatt catcaggcgg gcaagaatgt gaataaaggc
36721 cggataaaac ttgtgcttat ttttctttac ggtctttaaa aaggccgiaa tatccagctg
36781 aacggtctgg ttataggtac attgagcaac tgactgaaat gectcaaaat gttctttacg
36841 atgccattgg gatatatcaa cggtggtata tccagtgatt tttttctcca ttttagettc
36901 cttagctcct gaaaatctcg ataactcaaa aaatacgecc ggtagtgatc ttatttcatt
36961 atggtgaaag ttggaacctc ttacgtgecg atcaacgtet cattttcgee aaaagttggc
37021 ccagagette ccggtatcaa cagggacace aggatttatt tattctgega agtgatcttc
37081 cgtcacaggt atttattcgc gataagctca tggagcgacy taaccgtcge acaggaagga
37141 cagagaaagc gcggatctgg gaagtgacgg acagaacggt caggacctgg attggggagg
37201 cggttgcege cgetgetget gacggtgiga cgttctctgt teceggtcaca ccacatacgt
37261 tccgecattc ctatgegatg cacatgetgt atgecggtat accgetgaaa gttctgcaaa
37321 gcetgatggg acataagtce atcagttcaa cggaagtcta cacgaaggtt tttgcgetag
37381 atgtggctge ccggeacegg gtgcagtttg cgatgecgga gtctgatgcg gttgegatge
37441 tgaaacaatt atcctgagaa taaatgectt ggectttata tggaaatgtg gaactgagtg
37501 gatatgctgt ttttgtctgt taaacagaga agctggctgt tatccactga gaagcgaacg
37561 aaacagtcgg gaaaatctcc cattatcgta gagatccgea ttattaatct caggagectg
37621 tgtagcgttt ataggaagta gtgttctgtc atgatgectg caagcggtaa cgaaaacgat
37681 ttgaatatgc cttcaggaac aatagaaatc ttcgtgeggt gttacgttga agtggagcgg
37741 attatgtcag caatggacag aacaacctaa tgaacacagda accatgatgt ggtctgtect
37801 tttacagcca gtagtgetcg ccgcagttga gegacaggge gaagecctcg agtgagcgag
37861 gaagcaccag ggaacagcac ttatatattc tgcttacaca cgatgcctga aaaaacttcc
37921 cttggggtta tccacttatc cacggggata tttttataat tattttittt atagttttta
37981 gatcttcttt tttagagege cttgtaggee tttatccatg ctggttctag agaaggtgtt
38041 gtgacaaatt gcectttcag tgtgacaaat caccctcaas tgacagtcct gtctgtgaca
38101 aattgcectt aaccctgtga caaattgecc tcagaagaag ctgtitittc acaaagttat
38161 ccctocttat tgactctttt ttatttagtg tgacaatcta aaaacttgtc acacttcaca
38221 tggatctgte atggcggaaa cageggtiat caatcacaag aaacgtaaaa atagcccgeg
38281 aatcgtccag tcaaacgace tcactgagge ggcatatagt ctcicccggg atcaaaaacg
38341 tatgctgtat ctottcgttg accagatcag aaaatctgat ggcaccctac aggaacatga
38401 cggtatctgc gagatccatg ttgctasata tgctgaaata ttcggattga cctctgcgga
38461 agccagtaag gatatacgge aggcattgaa gagtttcgeg gggaaggaag togttttita
38521 tcgecctgaa gaggatgecg gegatgaaaa aggctatgaa tcttttectt ggtttatcaa
38581 acgtgcgcac agtccatcca gagggcttta cagtgtacat atcaacccat atctcattcc
38641 cttctttatc gogttacaga accggtttac geagtttcgg cttagtgaaa caaaagaaat

FIG.80



Patent Application Publication Nov. 17,2005 Sheet 24 of 27 US 2005/0255559 Al

38701 caccaatccg tatgecatge gtttatacga atccctgtgt cagtatcgta agccggatag
38761 ctcaggcatc gtctctetga aaatcgactg gatcatagag cgttaccage tgcctcaaag
38821 ttaccagcgt atgectgact tccgecgeeg cttectgeag gtetgtgtta atgagatcaa
38881 cagcagaact ccaatgegee tctcatacat tgagaaaaag aaaggecgec agacgactcea
38941 tatcgtattt tecttcecgeg atatcacttc catgacgaca ggatagtctg agggttatct
39001 gtcacagatt tgagggtggt tcgtcacatt tgttctgacc tactgagggt aatttgtcac
39061 agttttgctg tttccttcag cctgcatgga ttttctcata ctttttgaac tgtaattttt
39121 aaggaagcca aatttgaggg cagtttgtca cagttgatit ccttctettt cecticgtea
39181 tgtgacctga tatcgggggt tagttcgtea tcattgatga gggttgatta tcacagitta
39241 ttactctgaa ttggctatce gegtgtgtac ctctacctgg agtttttcce acggtggata
39301 tttcttcttg cgctgagegt aagagetatc tgacagaaca gticttcttt gettectege
39361 cagttcgctc getatgetecg gttacacgge tgcggcgage gctagtgata ataagtgact
30421 gaggtatgtg ctcttcttat ctecttttgt agtgttgctc ttattttaaa caactttgeg
39481 gttttttgat gactttgega ttttgttgtt getttgeagt aaattgcaag atttaataaa
39541 aaaacgcaaa gcaatgatta aaggatgttc agaatgaaac tcatggaaac acttaaccag
39601 tgcataaacg ctggtcatga aatgacgaag getatcgeca tigeacagtt taatgatgac
39661 agcccggaag cgaggaaaat aacccggege tggagaatag gtgaagcagec ggatttagtt
39721 ggagtttett ctcaggctat cagagatgcc gagaaagcag ggcgactacc gcacccggat
39781 atggaaattc gaggacgggt tgagcaacgt gttggttata caattgaaca aattaatcat
39841 atgcgtgatg tgtttagtac gegattgega cgtgactgaag acgtatttcc accggtgate
39901 ggggttgctg cccataaagg tggegtitac aaaaccicag tttctgttca tettgctceag
39961 gatctggctc tgaagggget acgtgttttg ctcgtggaag gtaacgaccc ccagggaaca
40021 gectcaatgt atcacggatg ggtaccagat cttcatattc atgcagaaga cactctcctg
40081 cctttctatc ttggggaaaa ggacgatgtc acttatgcaa taaagcccac ttgetgaccg
40141 gggcttgaca ttattecttc ctgtctgget ctgcaccgta ttgaaactga gttaatgggc
40201 aaatttgatg aaggtaaact gcccaccgat ccacacctga tgctccgact ggecattgaa
40261 actgttgctc atgactatga tgtcatagtt attgacagcg cgectaacct gggtatcgge
40321 acgattaatg tcgtatgtgc tgctgatgtg ctgattgttc ccacgcectge tgagttgttt
40381 gactacacct ccgcactgea gtttttegat atgettcgtq atctgetcaa gaacgttgat
40441 cttaaagggt tcgagectga tgtacgnnnn nnnnnnnnnn nRNNRNNNNN nnnnnnngac
40501 agtctatctg ttagttatat tctagcectt tatagetige tggtctcaag atgtagaatt
40561 gctgaaagat gtaattcaga ctgtttggaa agaagacaag tcctcectec ttectgggtt
40621 cactgtgaac cacggaggtt tctacgatac atggtctaac cactgaaaat ttactgtcct
40681 tactgagata ttttagaagt gtaaaataca gactgtattt caaagacagc atgaaaaagc
40741 cagcttttgt agcaggcacc aagcttgttt tactttatac aggctcccta attectetet
40801 gccacttcaa ccttcaactg atatcectgg cagaaggatg aaaaatcalaa agggcaagag
40861 atagaacatt tgtttcaggt attgggacaa ctccaagtat taagataaca gattcatttc
40921 atgctgtttc atttaatcaa tgtttattca tggcaaattt tattttttat tatttttatt
40981 ttttatttta atttaagtog gtacatagta gtittatgta tttatgggtt acgtgagata
41041 ttttgataca ggcatgcaat aatcacatca gggtaaatgg ggtgtccatc atctcaagta
41101 tttatccttg tgtcacaaac aatccaatta tactcttagt tgtttaaaaa tgcggggagt
41161 ggagggcaag tggagggaga geattaggac aaatacctaa tgcatgeggg gcttaaaacc
41221 tatgtgatgg gttgacaggt gcagcaaacc accatggeac atgtatacct atgtaacaaa
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41281 cctgcacgtt ctgcacatgt atcccgtaat gtaaagtaaa ataaaatagc ataaaatcaa
41341 ataaaggaat cactaatgaa acctacattt gcaaaataaa ttataaatat tgaaaagaaa
41401 taaaaagtac aaaaaattat ttttgtctat agtcactcta ttgtgctatc aaatactagt
41461 cttattcatt ctttttgttt tttgtaccca ctaaccatcc cactccecege cctacaccec
41521 ccaacaaccc gccccatact cttccaagee tctggtaacc gtecttctac tatctccatg
41581 agtcgaattg ttttaatttt taacttccac aaataagtga gaatatgtga agtttgtctt
" 41641 tctgtacctg gcttaaattt cacttascat aatgacctcc agttccatcc atgttattge
41701 aaatgactgg acctcatttt cttaatggct gaatagtact ccattgigta tatgtaccac
41761 attaaaaaaa atcaatttgt tagttgatgg attgcttica aatcttgget attgcgaata
41821 gtgctgcaat agctaagatt tggatatctt tgggagtgta gatatcttig ggatatcttt
41881 taatcttttc ttttcttttt gagacagagt ctcgetctgt tgcccagget ggagtgtagt
41941 ggcgeaatet tggetcactg caacctetge ctecegggtt caaacaattc tcctgettea
42001 gcctcctgag tagcttggat tacaggcact caccaccatg cccagataat ttttgtattt
42061 ttagtagaga cggggtttca ccatgttgge caggctggtc tcaaactcct gacctcagat
42121 gatccaccca tctcggecte ccaaagtget gggattacag gegtgageca cctegeccag
42181 cctgattttt tttcttttga gtatatacct acctctattt tcagtitttt gaggcacctc
42241 caaactgttc tccatagtga ttgtactaat ttacattccc actaacagtg tacaagggtt
42301 cccttttcte cctattcttg ctagcatttg ttattgcttg acttttggat aaaagccatt
42361 ttaactgggg tgagatgata tgtcattgta gttttgatit gcatttctct gatgatcaat
42421 gacaatgcet ttttgtatgce ttgtttccca cttgtatgtc ttcctttgag aaatgtctat
42481 gcagatcttt tgcccattta aaaaactgga ttattatatt ttttcctata gagttgtitg
42541 agctcctttt atattctgat tattaacccc ttgtcagatg ggtagtttgc aattattttc
42601 taccactctg tggtttgtct cttcactttg ttgattcttt cttttgctat gcagaaagtt
42661 tttaatttga tatgatccta tgtgttcaca tttgctttgg ttgectgtge ttatgaggtt
42721 ttactcaagg aatctttgce tactctggga cttactgttt tcttttacta gtttcatagt
42781 tcgaggtctt aaatttcagt ctttaatcca ttttgatttg atttttgtat aaggctagag
42841 ataacaggtc tagttcactc ttttgcatat ggatatccag ttttcccage atcatttatt
42901 gaagagactg tcgtttccee aatttatget cttggtaact ttgtcaaaaa tgaattcact
42961 gcagatgtat gcatttacct ctgggttete tattctgttc cactgatgta tgtgtcigit
43021 tttatgecag taccttgctg ttttggttac tgtagtttta tagtataagt ttaagtcaga
43081 taaagtgatt tctcccattt tgttettttt getcagggta getttggetc ttctgggtet
43141 ttcgtggttc caaatgaatt ttagaaattt tittctattt ctgtgaagaa tgtcattggt
43201 attttgatag gcattgcatt aaatctgtag atcgctttga gtaatatgga cattttaaca
43261 ttattgatat ttccaatcca tgaacatgta atgtctttcc ttttttgtgg cttcttcaat
43321 ttcttgcatt aatgttttat agttttcatt ttagatatca ttcacttcgt tagttaattc
43381 ctaggtattt aattttatit gtagctattg taaatgggat cttttaaaat ttctttttca
43441 gattgttcac tgttagcata tagaaatget actgatgttt gtatgttgaa ttigtatect
43501 gcaactttac tgagtttgtt tatcagtict tatagttttc ttgatggtat ctttagtatt
43561 tcccaaatat aagatcatat ctgaaaacta gaataatttg acttcttect atccaatttg
43621 gatgeccttt atttctttct cttgtatgat tgctcaaget aggactttca gtattatgtt
43681 gaataacagt ggtgtaagtg ggcatccttg ttgttttcca gatcttagag aaaaggcttt
43741 caatttttcc ccattcagta tgatactaac tctggatctg ttgtatatge tttttattat
43801 gttgaggtat gttcctictg taaccagttt tgtgaggtit ttgttatgaa gggctgttga
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43861 attttatcaa gtgctttttc agcatcaatt gaaatgatca tatagttttg tctttcatic
43921 tgttgatatg atgtattaca ttaattgatt tgcatatgtt gaactatctt tgcatcccta
43981 ggctaaatct cacttcgtca taatgaatga tgagtgatig agttagtgaa tattgatgag
44041 ttatcgaata ttgagtttga tttggtagta tttgagaatt tttgcatcaa tattcatcag
44101 aaatattggt gtatagtttt atttttattg atgtgtcttt gtctagtctt agtatcaaga
44161 taatactggc ctcatagaat gagtctggaa gtattccctc ctttctttgt gtttttgaat
44221 agtttgagta ggattogtat agtttttitt tatttaattt gtttatttgt cttgagacac
44281 ggtgtcactc tgtcaccaca ggctggagta cagtggtgtg atcttggett accatagect
44341 ctgectegee tcccaggetc aagegattct ctaataatat ttgctttata tatctgggtg
44401 ctccagtgtt tggtgcatat atatttatca aattgttata tcctcttget gaattgacce
44461 ctttatcatt atatagtgac cttcttgttc tcttcttata gtttttgtct tgaaatctat
44521 ttgtctgatt tatccaattt atttatctga ctectgetct ttttttggtt tccattigea
44581 tggaatattt ttttccatce cttattitca gtttactgtg tattctigga caagttactt
44641 tctgagecte aatttectca tctgatagtt ggtgtctgit aggatctatc ttacaggact
44701 gttitaagga ttaaatgaga caatgcacag tgcctggggc atgatgagat atggtaatta
44761 ggaaataatt actcaggcca ggcacggtgg ctcatgecta taaticcaac attttgggag
44821 gctatggtgg gaggatcget taacaccage ctgggcaata tagtcacacc cagtctctce
44881 aaagaaagaa agaaagaaag aaaaaaatta gcccactatt gtggtcacat gactgtagtc
44941 ccagctactc aggaggctga gatgggagga tcacttgage ctggaaggtt gagggtgcag
45001 tgagccatga ttgtgctact gegetccage ttgggcaaca acatgagaac ttatticaaa
45061 atagctaaca aatggtagtt attattgtta catttattta tttagaatta ttattcaatt
45121 attattatgt aataatcaac aaaaattatc cttttttgta gcatcttttt atctcttcte
45181 tgatttcttt tttgaacaaa tttaaaaaca tattataata ttaaaaaacg gagaccaggt
45241 ctccctgtgt tacccagget gtcctcasac tcctgggetc gagcaatect tecgecacag
45301 ctttccasag tgctgeggtt acaggcgtga gecactgtge ctggectige attatttctg
45361 ttagggttat ttgtttattt gttatctgtg taatttattt actttgatgt ttaaagcaaa
45421 gaattacaac tcagtgaagg agatatcctc acatgtaact tgcaactcta aatatgacct
45481 tatctaagag ggtattagtt tcaattatgc tgcccctatg ggtcattgaa gtgagactct
45541 tctgtgtgtc ccataagagt gcactaagge aactgaagtc atttgatgtc ctcageccce
45601 ttggcaagca cagaggtgct caaaagactg atgaacttgg cactaagatt tttcttccag
45661 aagacaggga gaaatcacca aatggttttt tttttaaagc asactaaata tttagccacc
45721 ttttgggttc acttittttt ttctttttct tttttactag tcattgactt gaagetcatg
45781 gttttactct ttaacaccag ccagtcaact gcaggttcct gggacaaaaa gcaaaaggaa
45841 taatgatccc ttgtggattc ctgagtcacc tgetttgtgg getgtgcage gtctgtggte
45901 agcaccacac cggctacctc actattgctc agggttigtg ctitgggage tagcctggaa
45961 gctaagaact ctcactttca cctggtatta actactttgt ttetitiitt ttittetttt
46021 tgagacggag tctcgetett gtcacccagg ctggagtgea gtggcacgat ctcagetcac
46081 tgcaacctct gectectggg ttcaagegat teteectgeet cagecteceg agtagetggg
46141 attaaaggct cctgccacca ccccgageta atttttttta titttagtag agatggagtt
46201 tcatcatgtt gggcaggetg gectcgaact tctgacctec ggtgatectc ccaccttggc
46261 ctcctgaagt getgggatta caggcgtgag ccacattgee cagectggta ttaactactt
46321 tctaaaggcg cttectgttg cacaagaatg ctgtttgcag gaatgectgt agacacatga
46381 accctaggee tgctgcteec ttaatttgag ggaagctatg gatgtcaage agaatagagc
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46441 tattttgtta cttgaccagg tttccataac tttttgcaca tacctttatt cctgcacctg
46501 tcccacataa ttatcccttt atagctcttt caccagcagg aatataaatg tcatggcagg
46561 gccaccatgt tgcasactcc ctagggtcca tcctgcagtt actagettgt gtgaatggta
46621 cttcttggag gtaccattgc aatgcacage ctgagcagce ctctgcagta agtccaactg
46681 tggatggage aaaatgagtg gttagcagaa ttggectcat acatctttta ttctggeatt
46741 gagtatgtgg taggcactca agaaatattt ttaaatgaat gacattggtc ttcccattta
46801 ttttgagtta atttgaccca gcttaatcag tggatctttt caactagtta attgtectac
46861 ccttccacce aggaaggtgt ttcagtttta atagattttt gttattggtg tttttttgea -
46921 cattcagcaa aacctctgga aagaggagtt catatcagec cctcatgcag agggagctgt
46981 gagtattcag gctgcttggt gctgetgegg tettteccage agaggtgget ggtcctagag
47041 togtggtttg gtccattctt gacctatgat gatgctggga aataactcag tgatgtggtg
47101 tcattttttt atctcacaga tgtgactctg gagaagagat ttaagtttat atcttcagaa
47161 catagcatca atgagtttgg gtcatagctg cagccaactc agccagaaac agatacacag
47221 tatgcaacca agtgggaata aattcaaccc attttcctaa tttggaatat agagcctgag
47281 gggtgaagtt gtgggtggat tatctgtcct gggttcttcc tatttcctga atttatactt
47341 tagtgaaggg aaattttgct aactgttaat gtgccagaat gggaaagecc cctacctagg
47401 ccctcacctec tgaatttttc cagttcaagt ggacaagtag tttttgageca ctcactatgt
47461 gtcaggctca gggtgacctt tgcgatttecc acttccttct gatcttttca cctaagectg
47521 tgggacttgt gttctgggag aaaattagaa gttacatcat ccttatggtt ctgaaaaaat
47581 tgagctcccc agacttgggt tcgectgatc tgcttctcaa atgttasaga ggaacataaa
47641 gccatgtaga aaatcctttt cttttgacaa agectggett tcaaattcta ctgttgctge
47701 agtcaccaaa attatacatt tgaatgtcag agattgaatg ttgacatcct tattgcaaaa
47761 atcctatccc cacttctgge ttagetgece cagagagete tgtgtetcgg getgactaga
47821 gaaaagacca cacagttaga gatgcaaaaa aggaaatgcc attaacatat ttcagggtga
47881 atatttcttt gcatttggeca ctttgcaatc tagtccagge ttaagatttg taggatttct
47941 tttgctgttt cccttttttt acttgtcagg gaaacaaggc ataaatattt cagcttagac
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ISOLATED NUCLEIC ACID MOLECULE(S)
ENCODING A HUMAN CALCIUM SENSITIVE
POTASSIUM CHANNEL SUBUNIT PROTEIN
DESIGNATED BETA2, ENCODED PROTEINS, AND
USES THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Not applicable.
STATEMENT REGARDING
FEDERALLY-SPONSORED R&D

[0002] Not applicable.

REFERENCE TO MICROFICHE APPENDIX

[0003] Not applicable.

FIELD OF THE INVENTION

[0004] The present invention is directed to novel human
DNA sequences encoding subunits of calcium sensitive
potassium channels.

BACKGROUND OF THE INVENTION

[0005] Voltage-gated potassium channels form transmem-
brane pores that open or close in response to changes in cell
membrane potential and selectively allow potassium ions to
pass through the membrane. Voltage-gated potassium chan-
nels have been found in cells traditionally considered both
excitable (e.g., neurons, myocytes, secretory cells) and non-
excitable (e.g., T-cells, osteoclasts) and have been shown to
maintain cell membrane potential and control the repolar-
ization of action potentials in such cells. Following depo-
larization, voltage-gated potassium channels open, allowing
potassium efflux and thus membrane repolarization. This
behavior has made voltage-gated potassium channels impor-
tant targets for drug discovery in connection with a variety
of diseases. As a result, many voltage-gated potassium
channels have been identified and many cloned. They are
distinguishable by differences in primary structure and tis-
sue-specific patterns of expression, as well as by electro-
physiological and pharmacological properties. For reviews
of voltage-gated potassium channels see Robertson, 1997,
Trends Pharmacol. Sci. 18:474-483; January & January,
1997, J. Physiol. 505:267-282; Catterall, 1995, Ann. Rev.
Biochem. 64:493-531.

[0006] Many functional voltage-gated potassium channels
are believed to be tetramers of four ¢ subunits, each of
which contains six transmembrane spanning segments. The
o subunits making up a tetramer may be the same (in the
case of homotetramers) or may be different (in the case of
heterotetramers). The membrane-spanning ¢ subunits mak-
ing up the tetramers may sometimes be associated with
additional, p subunits, which may alter the behavior of the
o subunits.

[0007] A particular type of voltage-gated potassium chan-
nel is the voltage-gated and calcium sensitive potassium
channel, also known as the calcium sensitive potassium
channel. Calcium sensitive potassium channels are present
in a wide variety of cells and are unique among voltage-
gated potassium channels because their activity is regulated
not only by changes in membrane potential but also by
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intracellular calcium concentration. Plasma membrane
depolarization and increases in cytoplasmic calcium con-
centration both raise the open probability of calcium sensi-
tive potassium channels. Therefore, calcium sensitive potas-
sium channels can serve as a link between cellular processes
involving increases in intracellular calcium and membrane
excitability. Calcium sensitive potassium channels are
believed to play a negative feedback role by terminating
signaling events involving an increase in intracellular cal-
cium, e.g., glucose mediated insulin release, blood vessel
muscle tone, bronchial airway smooth muscle tone, and
regulation of intraocular pressure. (Tanaka et al., 1997, J.
Physiol. 502:545-557; Kaczorowski et al., 1996, J. Bioen-
erg. Biomem. 28:255-267; Vergara et al., 1998, Curr. Opin.
Neurobiol. 8:321-329).

[0008] Certain calcium sensitive potassium channels have
been isolated and studied. Functional calcium sensitive
potassium channels are composed of ¢ subunits that may be
associated with smaller p subunits. The o subunit is believed
to form the channel pore while a previously described f3
subunit increases the calcium sensitivity of the channel and
makes the channel susceptible to regulation by certain
substances, ¢.g., dehydrosoyasaponin (McManus et al.,
1995, Neuron 14:645-650). The calcium sensitive potassium
channel from bovine tracheal smooth muscle was purified
and shown to be composed of an ~130 kDa o subunit and
a31kDa f subunit (Garcia-Calvo et al., 1994, J. Biol. Chem.
269:676-682). Tseng-Crank et al. (1994, Neuron 13:1315-
1330) cloned nine related calcium sensitive potassium chan-
nel @ subunits from human brain. These o subunits are
thought to be splice variants derived from a single gene, the
h-slo gene (Tseng-Crank et al, 1994, Neuron 13:1315-
1330). Knauss et al., 1994, J. Biol. Chem. 269:17274-17278
purified and cloned a f subunit of a calcium sensitive
potassium channel from tracheal smooth muscle.

[0009] In most cells, the opening of calcium sensitive
potassium channels results in the generation of non-inacti-
vating, hyperpolarizing potassium currents. However, in
certain cells (e.g., chromaffin cells of the adrenal gland and
hippocampal neurons), the currents are inactivating. Follow-
ing the discovery of the invention described herein, Wallner
et al., 1999, Proc. Natl. Acad. Sci. USA 96:4137-4132
disclosed the existence of the human P2 calcium sensitive
potassium channel subunit that, when combined with the
subunit, formed inactivating calcium sensitive potassium
channels. The ability to confer inactivation was ascribed to
the N-terminal 19 amino acids of the 2 subunit.

[0010] U.S. Pat. No. 5,776,734 is directed to nucleic acids
encoding the bovine and human f1 subunit of the calcium
sensitive potassium channel. U.S. Pat. No. 5,637,470 is
directed to methods of identifying compounds that modulate
the activity of calcium sensitive potassium channels.

SUMMARY OF THE INVENTION

[0011] The present invention is directed to novel human
DNA sequences encoding f subunits of calcium sensitive
potassium channels. The present invention includes DNAs
that encode the § subunits 2, f3a, f3b, p3c, and p3d of
human calcium sensitive potassium channels. The DNAs
comprise the nucleotide sequences shown in SEQ. ID.
NO.:1 (p2), SEQ. ID. NO.:3 (83a), SEQ. ID. NO.:5 (B3b),
SEQ. ID. NO.:7 (p3c), and SEQ. ID. NO.:9 (p3d). Also
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provided are proteins encoded by the novel DNA sequences.
The proteins comprise the deduced amino acid sequences
shown in SEQ.ID. NO.:2 (§2), SEQ. ID. NO.:4 (B3a), SEQ.
ID. NO.:6 (p3b), SEQ. ID. NO.:8 (f3c), and SEQ. ID.
NO.:10 (p3d). Methods of expressing the novel subunit
proteins in recombinant systems are provided as well as
methods of identifying activators and inhibitors of potas-
sium channels comprising the subunits.

[0012] The present invention also includes a genomic
DNA fragment containing the 5' portions of the p3a, p3b,
B3c, and f3d subunits, as well as the 5' portion of the core
portion of the 3 subunits. This genomic DNA fragment
contains promoter elements for the subunits. Methods of
screening for compounds which affect transcription of the
gene encoding the f3a, B3b, f3c, and f3d subunits are also
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A shows a DNA sequence encoding the 32
subunit of the human calcium sensitive potassium channel
(SEQ. ID. NO.:1). The start ATG codon is at position
271-273; the stop codon is at position 976-978. FIG. 1B
shows the deduced amino acid sequence (SEQ. ID. NO.:2)
of the 2 subunit.

[0014] FIG. 2A shows a DNA sequence encoding the f3a
subunit of a human calcium sensitive potassium channel
(SEQ. ID. NO.:3). The start ATG codon is at position
341-343; the stop codon is at position 1172-1174. FIG. 2B
shows the deduced amino acid sequence (SEQ. ID. NO.:4)
of the f3a subunit.

[0015] FIG. 3A shows a DNA sequence encoding the $3b
subunit of a human calcium sensitive potassium channel
(SEQ. ID. NO.:5). The start ATG codon is at position
796-798; the stop codon is at position 1567-1569. FIG. 3B
shows the deduced amino acid sequence (SEQ. ID. NO.:6)
of the f3b subunit.

[0016] FIG. 4A shows a DNA sequence encoding the 3¢
subunit of a human calcium sensitive potassium channel
(SEQ. ID. NO.:7). The start ATG codon is at position
869-871; the stop codon is at position 1694-1696. FIG. 4B
shows the deduced amino acid sequence (SEQ. ID. NO.:8)
of the f3c subunit.

[0017] FIG. 5A shows a DNA sequence encoding the f3d
subunit of a human and calcium sensitive potassium channel
(SEQ. ID. NO.:9). The start ATG codon is at position
457-459; the stop codon is at position 1294-1296. FIG. 5B
shows the deduced amino acid sequence (SEQ. ID. NO.:10)
of the p3d subunit.

[0018] FIG. 6 shows an alignment of the deduced amino
acid sequences of the human calcium sensitive potassium
channel f1 (SEQ. ID. NO.:11), 2 (SEQ. ID. NO.:2), p3a
(SEQ. ID. NO.:4), f3b (SEQ. ID. NO.:6), f3c (SEQ. ID.
NO.:8), and p3d (SEQ. ID. NO.:10) subunits.

[0019] FIG. 7 shows the effect of the co-expression of the
novel f§ subunits of the present invention on the electro-
physiological properties of the ion channel formed by the ¢
subunit of a human calcium sensitive potassium channel.
FIG. 7A shows the current-voltage relations recorded in
inside-out patches expressing calcium sensitive potassium
channel o or o and  subunits. @ and f subunit cRNAs were
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co-injected in 1:10 molar ratio (f in excess) to detect
maximum effects. The voltage clamp protocol consisted of
a pre-pulse to -160 mV (200 ms), followed by 20 mV
depolarizing steps from -80 to +80 mV (500 ms); holding
potential was —80 mV; internal Ca®* was 30 uM. Subunits
(3b and P3d did not induce noticeable changes in the
kinetics and voltage dependence of the channels formed by
o subunits, although they might decrease current density.
FIG. 7B: Boltzmann equations were fit to normalized con-
ductances for the records shown in 7A, which were calcu-
lated from peak currents and plotted as function of test
potential. V,,, values are: 20 mV (o subunit alone); =55 mV
(0+B2 subunit); 45.36 mV (a+p3a subunit); 20 mV (a+f33¢
subunit). FIG. 7C shows that co-expression of 3 subunit
RNAs in molar excess of o subunit RNAs (up to 10x)
reduced, but did not eliminate, a non-inactivating compo-
nent of calcium sensitive potassium channel current. Inac-
tivation rates and fractional inactivating current were cal-
culated as described in Example 2.

[0020] FIG. 8A-N shows the genomic sequence of Gen-
Bank accession number AC007823.4 (SEQ. ID. NO.:20).
The different splice variants of the §3 subunits are contained
in nucleotides 1-40,467. The p3a-specific sequence is at
positions 17,404-17,806; the p3b-specific sequence is at
positions 24,710-25,507; the f3c/d sequence is at positions
32,590-33,514; the beginning of the 3 core sequence is at
positions 33,515-33,705. The sequences involved in tissue
specific expression (e.g., promoters, enhancers, repressors)
are likely to be located in nucleotides 1-17,404.

DETAILED DESCRIPTION OF THE

INVENTION
[0021] For the purposes of this invention:
[0022] “Substantially free from other proteins” means at

least 90%, preferably 95%, more preferably 99%, and even
more preferably 99.9%, free of other proteins. Thus, a
human calcium sensitive potassium channel 2, p3a, p3b,
[3c, or B3d subunit protein preparation that is substantially
free from other proteins will contain, as a percent of its total
protein, no more than 10%, preferably no more than 5%,
more preferably no more than 1%, and even more preferably
no more than 0.1%, of non-human calcium sensitive potas-
sium channel p2, f3a, p3b, p3c, or f3d subunit proteins.
Whether a given human calcium sensitive potassium chan-
nel P2, p3a, p3b, f3c, or f3d subunit protein preparation is
substantially free from other proteins can be determined by
conventional techniques of assessing protein purity such as,
e.g., sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) combined with appropriate detection
methods, e.g., silver staining or immunoblotting.

[0023] “Substantially free from other nucleic acids”
means at least 90%, preferably 95%, more preferably 99%,
and even more preferably 99.9%, free of other nucleic acids.
Thus, a human calcium sensitive potassium channel p2, §3a,
[3b, p3c, or p3d subunit DNA preparation that is substan-
tially free from other nucleic acids will contain, as a percent
of its total nucleic acid, no more than 10%, preferably no
more than 5%, more preferably no more than 1%, and even
more preferably no more than 0.1%, of non-human calcium
sensitive potassium channel B2, p3a, p3b, p3c, or P3d
subunit nucleic acids. Whether a given human calcium
sensitive potassium channel f2, p3a, p3b, P3c, or P3d
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subunit DNA preparation is substantially free from other
nucleic acids can be determined by conventional techniques
of assessing nucleic acid purity such as, e.g., agarose gel
electrophoresis combined with appropriate staining meth-
ods, e.g., ethidium bromide staining, Northern or Southern
blotting, or by sequencing.

[0024] A “conservative amino acid substitution” refers to
the replacement of one amino acid residue by another,
chemically similar, amino acid residue. Examples of such
conservative substitutions are: substitution of one hydropho-
bic residue (isoleucine, leucine, valine, or methionine) for
another; substitution of one polar residue for another polar
residue of the same charge (e.g., arginine for lysine;
glutamic acid for aspartic acid); substitution of one aromatic
amino acid (tryptophan, tyrosine, or phenylalanine) for
another.

[0025] A polypeptide has “substantially the same biologi-
cal activity as human calcium sensitive potassium channel
B2, p3a, f3b, f3c, or f3d subunit” if that polypeptide is able
to combine with a human calcium sensitive potassium
channel a subunit thereby forming a functional potassium
channel where the polypeptide confers upon the « subunit
properties similar to those conferred by the 2, f3a, f3b,
B3c, or B3d subunits and where the polypeptide has an
amino acid sequence that is at least about 50% identical to
SEQ. ID. NO.:2, 4, 6, 8§, or 10 when measured by such
standard programs as BLAST or FASTA. For example, a
polypeptide that is 50% identical in amino acid sequence to
f3a (SEQ. ID. NO.:4) and is able to confer upon the
subunit properties such that electrophysiological measure-
ments of the ion channel formed by the polypeptide and the
o subunit result in graphs such as those shown in FIG. 7A-C
for the 3a subunit and the a subunit is a polypeptide that
has “substantially the same biological activity as human
calcium sensitive potassium channel $3a subunit.”

[0026] The present invention relates to the identification
and cloning of DNAs encoding human calcium sensitive
potassium channel 2, f3a, f3b, P3c, or f3d subunits,
components of human calcium sensitive potassium chan-
nels. Expressed sequence tags (ESTs) (GenBank accession
numbers AA904191, A1299145 and AI301175) were iden-
tified by searching databases for sequences with homology
to the Bl subunit. The cDNAs encoding the ESTs were
purchased and sequenced in both directions. The clone
encoding AA904191 was determined to encode the entire §2
subunit, since it contained in frame stop codons 5' to the start
ATG of the open reading frame and the entire open reading
frame.

[0027] The P2 coding sequence was then used 1o search
the databases for additional f subunits. Contigs were
assembled from the identified ESTs and used to search the
database once again. Several ESTs were identified in this
iterative manner (GenBank accession numbers AA195381,
AA236930, AA236968, AA279911, AA761761 and
AA934876). Available cDNAs encoding these ESTs were
purchased and sequenced in both directions. None of these
clones were full length. Because most were isolated in a
preparation of tonsils enriched for B-cells, we performed 5'
RACE (rapid amplification of cDNA ends) using gene-
specific oligonucleotides in the 3' untranslated region (UTR)
and commercially prepared ¢cDNA from human spleen,
another tissue rich in B-cells (Clontech catalog # 7412-1), as
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the template. Multiple DNA fragments were amplified in
this manner, cloned and sequenced in both directions.
Sequencing revealed 4 subfamilies of full length clones,
differing only in their 5' ends: f3a, f3b, P3¢, and p3d.

[0028] The human calcium sensitive potassium channel
(2, p3a, p3b, f3c, and p3d subunits of the present invention
exhibit tissue specific patterns of expression. Northern blot-
ting of mRNAs isolated from various tissues has shown that
the 2 subunit is expressed predominately in uterus, heart,
ovary, thyroid, fetal kidney, adrenal medulla, and pancreas;
the p3a subunit is expressed predominately in heart and
skeletal muscle; the $3b subunit is expressed in most tissues
examined except for brain, skeletal muscle and testes. The
(3¢ and/or f3d subunits have been found in pancreas.

[0029] The tissue specific expression patterns of the
human calcium sensitive potassium channel 2, f3a, p3b,
3c, and p3d subunits support the hypothesis that these
different subunits may contribute to the functional diversity
of calcium sensitive potassium channels observed in differ-
ent tissues. Activators and inhibitors of specific calcium
sensitive potassium channels containing specific subunits
may, therefore, have pharmacological efficacy in different
pathological conditions, depending on the subunit compo-
sition of the calcium sensitive potassium channels involved
in the specific pathological condition.

[0030] Chromosomal mapping studies have shown that
both the 2 and 3 subunits map to human chromosome
3q23-ter. The [ subunits of the present invention have about
30-45% amino acid sequence identity to the previously
known human f1 subunit (GenBank accession no. U25138).
The p2 and 3 subunits of the present invention have about
40% amino acid sequence identity to each other. The 3a,
[3b, p3c, or p3d subunits differ only in their extreme
N-terminal 1-20 amino acids, and are alternatively spliced
variants of a single gene. Indeed, a genomic fragment of
human DNA has been identified in the GenBank database
that contains the 5' domains of (3a, f3b, p3c/d, and the
beginning of the conserved core in a contiguous fragment
(accession number AC007823.4). See FIG. 8. Additionally,
two bacterial artificial chromosomes (BACs) have been
isolated which contain the conserved core domain. One of
these BACs also contains f3c/d specific sequence. There-
fore, we have identified overlapping BAC clones that
together encode the entire f3 open reading frame. The p2
subunit is encoded by a separate gene.

[0031] The present invention provides DNAs encoding
human calcium sensitive potassium channel 2, f3a, f3b,
[3c, or f3d subunits that are substantially free from other
nucleic acids. The present invention also provides isolated
and/or recombinant DNA molecules encoding human cal-
cium sensitive potassium channel f2, f3a, p3b, p3c, or f3d
subunits. The present invention provides DNA molecules
substantially free from other nucleic acids comprising the
nucleotide sequences shown in SEQ. ID. NOs.:1, 3, 5, 7, or
9. cDNAs encoding each 3 subunit have been isolated
exhibiting a sequence polymorphism, encoding either a
serine or an asparagine at the amino acid position that is
equivalent to position 143 of f3b. This represents amino
acid 142 of the conserved core domain.

[0032] Accordingly, the present invention includes DNA
substantially free from other nucleic acids as well as isolated
and/or recombinant DNA encoding a polypeptide selected
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from the group consisting of: SEQ. ID. NO..4; SEQ. ID.
NO.:4 with an asparagine at position 163 instead of a serine;
SEQ. ID. NO.:6; SEQ. ID. NO.:6 with a serine at position
143 instead of an asparagine; SEQ. ID. NO.:8; SEQ. ID.
NO.:8 with an asparagine at position 161 instead of a serine;
SEQ. ID. NO.: 10; and SEQ. ID. NO.:10 with a serine at
position 165 instead of an asparagine.

[0033] The present invention includes DNA substantially
free from other nucleic acids as well as isolated and/or
recombinant DNA encoding a polypeptide comprising the
conserved B3 core amino acid sequence, positions 2-246 of
SEQ. ID. NO.:6.

[0034] The present invention includes isolated DNA mol-
ecules as well as DNA molecules that are substantially free
from other nucleic acids comprising the coding regions of
SEQ. ID. NOs.:1, 3, 5, 7, and 9. Accordingly, the present
invention includes isolated DNA molecules and DNA mol-
ecules substantially free from other nucleic acids having a
sequence comprising positions 271 to 975 of SEQ. ID.
NO.:1, positions 341 to 1171 of SEQ. ID. NO.:3, positions
796 to 1566 of SEQ. ID. NO.:5, positions 869 to 1693 of
SEQ. ID. NO.:7, or positions 457 to 1293 of SEQ. ID.
NO.:9.

[0035] Also included are recombinant DNA molecules
having a nucleotide sequence comprising positions 271-975
of SEQ. ID. NO.:1, positions 341 to 1171 of SEQ. ID.
NO.:3, positions 796 to 1566 of SEQ. ID. NO.:5, positions
869 to 1693 of SEQ. ID. NO.:7, or positions 457 to 1293 of
SEQ. ID. NO.:9. The novel DNA sequences of the present
invention encoding human calcium sensitive potassium
channel B2, p3a, f3b, p3c, or f3d subunits, in whole or in
part, can be linked with other DNA sequences, ie., DNA
sequences to which human calcium sensitive potassium
channel p2, f3a, f3b, pf3c, or $3d subunits are not naturally
linked, to form “recombinant DNA molecules” encoding
human calcium sensitive potassium channel (2, f3a, p3b,
B3c, or B3d subunits. Such other sequences can include
DNA sequences that control transcription or translation such
as, e.g., translation initiation sequences, internal ribosome
entry sites, promoters for RNA polymerase II, transcription
or translation termination sequences, enhancer sequences,
sequences that control replication in microorganisms,
sequences that confer antibiotic resistance, or sequences that
encode a polypeptide “tag” such as, e.g., a polyhistidine
tract, the FLAG epitope, the myc epitope, GST, or maltose
binding protein. The novel DNA sequences of the present
invention can be inserted into vectors such as plasmids,
cosmids, viral vectors, P1 artificial chromosomes, or yeast
artificial chromosomes.

[0036] The present invention also includes DNA substan-
tially free from other nucleic acids as well as isolated and/or
recombinant DNA comprising genomic sequences of the
human calcium sensitive potassium channel 2, p3a, p3b,
B3c, or p3d subunits. The present invention includes DNA
substantially free from other nucleic acids as well as isolated
and/or recombinant DNA comprising SEQ. ID. NO.:20;
positions 1-40,467 of SEQ. ID. NO.:20; positions 17,404-
17,806 of SEQ. ID. NO.:20; positions 24,710-25,507 of
SEQ. ID. NO.:20; positions 32,590-33,514 of SEQ. ID.
NO.:20; positions 33,515-33,705 of SEQ. ID. NO.:20; or
positions 1-17,404 of SEQ. ID. NO.:20.

[0037] Included in the present invention are DNA
sequences that hybridize to at least one of SEQ. ID. NOs:1,
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3,5,7,9, or 20 under conditions of high stringency. By way
of example, and not limitation, a procedure using conditions
of high stringency is as follows: Prehybridization of filters
containing DNA is carried out for 2 hr. to overnight at 65°
C. in buffer composed of 5xSSC, 10x Denhardt’s solution,
50% Formamide, 2% SDS and 100 ug/ml denatured salmon
sperm DNA. Hybridization of 32P-labelled, random primed
probe is carried out in 5xSSPE, 10x Denhardts solution,
50% Formamide, 2% SDS, 100 ug/ml salmon sperm DNA
at 42° C. overnight. Washing of filters is done in 2xSSC,
0.05% SDS at 42° C. for 40 minutes, followed by 0.1xSSC,
0.05% SDS at 65° C. for 40 minutes.

[0038] Other procedures using conditions of high strin-
gency would include either a hybridization carried out in
5xSSC, 5x Denhardt’s solution, 50% formamide at 42° C.
for 12 to 48 hours or a washing step carried out in 0.2xSSPE,
0.2% SDS at 65° C. for 30 to 60 minutes.

[0039] Reagents mentioned in the foregoing procedures
for carrying out high stringency hybridization are well
known in the art. Details of the composition of these
reagents can be found in, e.g., Sambrook, Fritsch, and
Maniatis, 1989, Molecular Cloning: A Laboratory Manual,
second edition, Cold Spring Harbor Laboratory Press. In
addition to the foregoing, other conditions of high strin-
gency which may be used are well known in the art.

[0040] The degeneracy of the genetic code is such that, for
all but two amino acids, more than a single codon encodes
a particular amino acid. This allows for the construction of
synthetic DNA that encodes the human calcium sensitive
potassium channel 2, f3a, f3b, f3c, or f3d subunit pro-
teins where the nucleotide sequence of the synthetic DNA
differs significantly from the nucleotide sequences of SEQ.
ID. NOs:1, 3, 5, 7, or 9 but still encodes the same human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins as SEQ. ID. NOs:2, 4, 6, 8, or 10. Such
synthetic DNAs are intended to be within the scope of the
present invention.

[0041] Mutated forms of SEQ.ID. NOs:1, 3,5, 7, or 9 are
intended to be within the scope of the present invention. In
particular, mutated forms of SEQ. ID. NOs:1, 3, 5, 7, or 9
which encode proteins that either do not interact with an o
subunit or which when combined with o subunits give rise
to calcium sensitive potassium channels having altered
voltage dependence, calcium sensitivity, current kinetics
(such as activation, inactivation or deactivation), or phar-
macologic properties as compared to wild-type calcium
sensitive potassium channels are within the scope of the
present invention. Such mutant forms can differ from SEQ.
ID. NOs:1, 3, 5, 7, or 9 by having nucleotide deletions,
substitutions, or additions.

[0042] Also intended to be within the scope of the present
invention are RNA molecules having sequences correspond-
ing to SEQ. ID. NOs:1, 3, 5, 7, or 9. Antisense nucleotides,
DNA or RNA, that are the reverse complements of SEQ. ID.
NOs:1, 3, 5, 7, or 9, or portions thereof, are also within the
scope of the present invention. In addition, polynucleotides
based on SEQ. ID. NOs:1, 3, 5, 7, or 9 in which a small
number of positions are substituted with non-natural or
modified nucleotides such as inosine, methyl-cytosine, or
deaza-guanosine are intended to be within the scope of the
present invention. Polynucleotides of the present invention
can also include sequences based on SEQ. ID. NOs:1, 3, 5,
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7, or 9 but in which non-natural linkages between the
nucleotides are present. Such non-natural linkages can be,
e.g., methylphosphonates, phosphorothioates, phospho-
rodithionates, phosphoroamidites, and phosphate esters.
Polynucleotides of the present invention can also include
sequences based on SEQ. ID. NOs:1, 3,5, 7, or 9 but having
de-phospho linkages as bridges between nucleotides, e.g.,
siloxane, carbonate, carboxymethyl ester, acetamidate, car-
bamate, and thioether bridges. Other internucleotide link-
ages that can be present include N-vinyl, methacryloxyethyl,
methacrylamide, or ethyleneimine linkages. Peptide nucleic
acids based upon SEQ. ID. NOs:1, 3, 5, 7, or 9 are also
included in the present invention.

[0043] Another aspect of the present invention includes
host cells that have been engineered to contain and/or
express DNA sequences encoding human calcium sensitive
potassium channel 2, f3a, p3b, f3c, or f3d subunit pro-
teins. Such recombinant host cells can be cultured under
suitable conditions to produce human calcium sensitive
potassium channel 2, f3a, p3b, f3c, or f3d subunit pro-
teins. Such recombinant host cells are also useful in the
methods of identifying activators and inhibitors of caleium
sensitive potassium channels described herein. An expres-
sion vector containing DNA encoding human calcium sen-
sitive potassium channel 2, $3a, f3b, f3c, or 3d subunit
proteins can be used for the expression of human calcium
sensitive potassium channel p2, p3a, p3b, P3¢, or P3d
subunit proteins in a recombinant host cell. Recombinant
host cells may be prokaryotic or eukaryotic, including but
not limited to, bacteria such as E. coli, fungal cells such as
yeast, mammalian cells including, but not limited to, cell
lines of human, bovine, porcine, monkey and rodent origin,
amphibian cells such as Xenopus oocytes, and insect cells
including but not limited to Drosophila and silkworm
derived cell lines. Cells and cell lines which are suitable for
recombinant expression of human calcium sensitive potas-
sium channel 2, f3a, 3b, p3c, or f3d subunit proteins and
which are widely available, include but are not limited to, L.
cells L-M(TK") (ATCC CCL 1.3), L cells L-M (ATCC CCL
1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), CV-1
(ATCC CCL70), COS-1 (ATCC CRL 1650), COS-7 (ATCC
CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL
92), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2),
C1271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26),
MRC-5 (ATCC CCL 171), CPAE (ATCC CCL 209), Saos-2
(ATCC HTB-85), ARPE-19 human retinal pigment epithe-
lium (ATCC CRL-2302), Xenopus melanophores, and Xerno-
pus oocytes.

[0044] A variety of mammalian expression vectors can be
used to express recombinant human calcium sensitive potas-
sium channel f2, f3a, §3b, f3c, or $3d subunit proteins in
mammalian cells. Commercially available mammalian
expression vectors which are suitable include, but are not
limited to, pMClneo (Stratagene), pSG5 (Stratagene), peD-
NAI and pcDNAramp, pcDNA3, pcDNA3.1, pCR3.1 (Iavit-
rogen), EBO-pSV2-neo (ATCC 37593), pBPV-1(8-2)
(ATCC 37110), pdBPV-MMTneo(342-12) (ATCC 37224),
pRSVgpt (ATCC 37199), pRSVneo (ATCC 37198), pIZD35
(ATCC 37565), and pSV2-dhfr (ATCC 37146). Another
suitable vector is the PT7TS oocyte expression vector.

[0045] Following expression in recombinant cells, human
calcium sensitive potassium channel 2, f3a, $3b, p3c, or
p3d subunit proteins can be purified by conventional tech-
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niques to a level that is substantially free from other pro-
teins. Techniques that can be used include ammonium
sulfate precipitation, hydrophobic or hydrophilic interaction
chromatography, ion exchange chromatography, affinity
chromatography, phosphocellulose chromatography, size
exclusion chromatography, preparative gel electrophoresis,
and alcohol precipitation. In some cases, it may be advan-
tageous to employ protein denaturing and/or refolding steps
in addition to such techniques.

[0046] Certain voltage-gated potassium channel subunits
have been found to require the expression of other voltage-
gated potassium channel subunits in order to be properly
expressed at high levels and inserted in membranes. For
example, co-expression of KCNQ3 appears to enhance the
expression of KCNQ2 in Xenopus oocytes (Wang et al.,
1998, Science 282:1890-1893). Also, some voltage-gated
potassium channel o. subunits require other related csub-
units (Jegla and Salkoff, 1997, J. Neurosci. 17:32-44) or
Kvp2 subunits (Shi et al, 1995, Neuron 16:843-852).
Accordingly, the recombinant expression of the human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins may, under certain circumstances,
benefit from the co-expression of other proteins and such
co-expression is intended to be within the scope of the
present invention. A particularly preferred form of co-
expression is the co-expression of a human calcium sensitive
potassium channel 32, 32, f3b, p3c, or f3d subunit protein
(or combinations thereof) with a human calcium sensitive
potassium channel o subunit protein. Such co-expression
can be effected by transfecting an expression vector encod-
ing a human calcium sensitive potassium channel p2, f3a,
[3b, f3c, or f3d subunit protein into a cell that naturally
expresses a human calcium sensitive potassium channel o
subunit protein. Alternatively, an expression vector encod-
ing a human calcium sensitive potassium channel 2, f3a,
[3b, p3c, or f3d subunit protein can be transfected into a
cell in which an expression vector encoding a human
calcium sensitive potassium channel @ subunit protein has
also been transfected. Preferably, such a cell does not
naturally express human calcium sensitive potassium chan-
nel a or (§ subunits.

[0047] The present invention includes human calcium
sensitive potassium channel p2, p3a, p3b, f3c, and P3d
subunit proteins substantially free from other proteins. The
deduced amino acid sequences of the full-length human
calcium sensitive potassium channel 2, p3a, p3b, p3c, and
[3d subunit proteins are shown in SEQ. ID. NOs.:2, 4, 6, 8,
and 10, respectively. Thus, the present invention includes
human calcium sensitive potassium channel 2, p3a, p3b,
[3c, and f3d subunit proteins substantially free from other
proteins having the amino acid sequences SEQ. ID. NO.:2,
SEQ. ID. NO.:4; SEQ. ID. NO.:4 with an asparagine at
position 163 instead of a serine; SEQ. ID. NO.:6; SEQ. ID.
NO.:6 with a serine at position 143 instead of an asparagine;
SEQ. ID. NO.:8; SEQ. ID. NO.:8 with an asparagine at
position 161 instead of a serine; SEQ. ID. NO.:10; and SEQ.
ID. NO.:10 with a serine at position 165 instead of an
asparagine. The present invention also includes isolated
human calcium sensitive potassium channel 2, p3a, p3b,
f3c, and P3d subunit proteins having the amino acid
sequences SEQ. ID. NO.:2, SEQ. ID. NO.:4; SEQ. ID.
NO.:4 with an asparagine at position 163 instead of a serine;
SEQ. ID. NO.:6; SEQ. ID. NO.:6 with a serine at position
143 instead of an asparagine; SEQ. ID. NO.:8; SEQ. ID.
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NO.:8 with an asparagine at position 161 instead of a serine;
SEQ. ID. NO.: 10; and SEQ. ID. NO.:10 with a serine at
position 165 instead of an asparagine.

[0048] Mutated forms of human calcium sensitive potas-
sium channel p2, p3a, f3b, p3c, and p3d subunit proteins
are intended to be within the scope of the present invention.
In particular, mutated forms of SEQ. ID. NOs:2, 4, 6, 8, and
10 that give rise to calcium sensitive potassium channels
having altered electrophysiological or pharmacological
properties when combined with o subunits are within the
scope of the present invention.

[0049] As with many proteins, it is possible to modify
many of the amino acids of human calcium sensitive potas-
sium channel B2, f3a, p3b, p3c, or f3d subunit proteins and
still retain substantially the same biological activity as for
the original proteins. Thus, the present invention includes
modified human calcium sensitive potassium channel p2,
B3a, p3b, P3c, and p3d subunit proteins which have amino
acid deletions, additions, or substitutions but that still retain
substantially the same biological activity as naturally occur-
ring human calcium sensitive potassium channel 2, $3a,
B3b, P3¢, or f3d subunit proteins. It is generally accepted
that single amino acid substitutions do not usually alter the
biological activity of a protein (see, e.g., Molecular Biology
of the Gene, Watson et al., 1987, Fourth Ed., The Benjamin/
Cummings Publishing Co., Inc., page 226; and Cunningham
& Wells, 1989, Science 244:1081-1085). Accordingly, the
present invention includes polypeptides where one amino
acid substitution has been made in SEQ. ID. NOs:2, 4, 6, 8,
or 10 wherein the polypeptides still retain substantially the
same biological activity as naturally occurring human cal-
cium sensitive potassium channel 2, $3a, f3b, f3c, or f3d
subunit proteins. The present invention also includes
polypeptides where two or more amino acid substitutions
have been made in SEQ. ID. NOs:2, 4, 6, 8, or 10 wherein
the polypeptides still retain substantially the same biological
activity as naturally occurring human calcium sensitive
potassium channel B2, p3a, f3b, f3c, or f3d subunit pro-
teins. In particular, the present invention includes embodi-
ments where the above-described substitutions are conser-
vative substitutions. In particular, the present invention
includes embodiments where the above-described substitu-
tions do not occur in conserved positions. Conserved posi-
tions are those positions in which the human calcium
sensitive potassium channel 1, f2, and any of the (3
subunits all have the same amino acid (see FIG. 6).

[0050] The human calcium sensitive potassium channel
B2, p3a, p3b, P3c, or P3d subunit proteins of the present
invention may contain post-translational modifications, €.g.,
covalently linked carbohydrate, phosphorylation, myristoy-
lation, palmyltoylation, etc.

[0051] The present invention also includes chimeric
human calcium sensitive potassium channel 2, p3a, p3b,
B3c, or p3d subunit proteins. Chimeric human calcium
sensitive potassium channel $2, f3a, p3b, B3c, or f3d
subunit proteins consist of a contiguous polypeptide
sequence of at least a portion of a human calcium sensitive
potassium channel 2, f3a, f3b, p3c, or f3d subunit protein
fused to a polypeptide sequence that is not from a human
calcium sensitive potassium channel B2, f3a, $3b, p3c, or
f3d subunit protein.

[0052] The present invention also includes isolated human
calcium sensitive potassium channel p2, f3a, f3b, f3c, or
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(3d subunit proteins and DNA encoding these isolated
subunits. Use of the term “isolated” indicates that the human
calcium sensitive potassium channel 2, f3a, $3b, f3c, or
[3d subunit protein or DNA has been removed from its
normal cellular environment. Thus, an isolated human cal-
cium sensitive potassium channel f2, f3a, f3b, f3c, or f3d
subunit protein may be in a cell-free solution or placed in a
different cellular environment from that in which it occurs
naturally. The term isolated does not imply that an isolated
human calcium sensitive potassium channel 2, p3a, p3b,
[3c, or $3d subunit protein is the only protein present, but
instead means that the isolated human calcium sensitive
potassium channel 32, f3a, p3b, p3c, or $3d subunit protein
is at least 95% free of non-amino acid material (e.g., nucleic
acids, lipids, carbohydrates) naturally associated with the
human calcium sensitive potassium channel 2, p3a, p3b,
[3c, or p3d subunit protein. Thus, a human calcium sensi-
tive potassium channel 2, pf3a, 3b, f3c, or f3d subunit
protein that is expressed in bacteria or even in eukaryotic
cells which do not naturally (i.e., without human interven-
tion) express it through recombinant means is an “isolated
human calcium sensitive potassium channel 2, f3a, f3b,
[3c, or p3d subunit protein.”

[0053] It is known that certain potassium channels sub-
units can interact to form heteromeric structures resulting in
functional potassium channels. For example, KCNQ2 and
KCNQ3 can assemble to form a heteromeric functional
potassium channel (Wang et al., 1998, Science 282:1890-
1893). Accordingly, it is believed likely that the human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins of the present invention will also be
able to form heteromeric structures with other proteins
where such heteromeric structures constitute functional
potassium channels. Thus, the present invention includes
such heteromers comprising human calcium sensitive potas-
sium channel (2, f3a, p3b, f3c, or p3d subunit proteins.
Preferred heteromers are those in which the human calcium
sensitive potassium channel B2, f3a, p3b, f3c, or f3d
subunit proteins of the present invention forms heteromers
with calcium sensitive potassium channel o subunits.

[0054] DNA encoding the human calcium sensitive potas-
sium channel 2, f3a, f3b, p3c, or f3d subunit proteins can
be obtained by methods well known in the art. For example,
a cDNA fragment encoding full-length human calcium sen-
sitive potassium channel p2 subunit protein can be isolated
from human uterus, ovary or pancreas cDNA by using the
polymerase chain reaction (PCR) employing suitable primer
pairs. Such primer pairs can be selected based upon the DNA
sequence encoding the human calcium sensitive potassium
channel f2 subunit protein shown in FIG. 1A as SEQ. ID.
NO.:1. Suitable primer pairs would be, e.g.:

5'-AAG ATG TTT ATA TGG ACC AGT
GGC-3'
and

(SEQ. ID. NO.: 12)

5'-ACT CAT AAC AGA CTG CAC GTT
AC-3'.

(SEQ. ID. NO.: 13)

[0055] The above and subsequent primers are meant to be
illustrative only; one skilled in the art would readily be able
to design other suitable primers based upon SEQ. ID. NO.:1.
Such primers could be produced by methods of oligonucle-
otide synthesis that are well known in the art.
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[0056] In a similar manner, PCR primers can be selected
and produced for the other human calcium sensitive potas-
sium channel subunit proteins of the present invention. For
example, for the human calcium sensitive potassium channel
B3a subunit, suitable primer pairs would be, e.g.:

5'-GTC ATG CAG CCC TTC AGC ATC
cec-3'
and

(SEQ. ID. NO.: 14)

5'-TTG CAG AAA TCA CAG ACA TCT
GAA-3'.

(SEQ. ID. NO.: 15)

[0057] A suitable cDNA template from which the human
calcium sensitive potassium channel f3a subunit can be
isolated is human heart, skeletal muscle or spleen cDNA.

[0058] For the human calcium sensitive potassium chan-
nel p3b subunit, suitable primer pairs would be, e.g.:

5'-GCA ATG ACA GCC TTT CCT GCC
TC-3'
and

(SEQ. ID. NO.: 16)

5'-TTG CAG AAA TCA CAG ACA TCT
GAA-3'.

(SEQ. ID. NO.: 15)

[0059] A suitable cDNA template from which the human
calcium sensitive potassium channel 3b subunit can be
isolated is human spleen cDNA.

[0060] For the human calcium sensitive potassium chan-
nel f3c subunit, suitable primer pairs would be, e.g.:

5'-GAA ATG TTC CCC CTT CTT TAT
GAG-3'
and

(SEQ. ID. NO.: 17)

5'-TTG CAG AARA TCA CAG ACA TCT
GAA-3'.

(SEQ. ID. NO.: 15)

[0061] A suitable cDNA template from which the human
calcium sensitive potassium channel f3c subunit can be
isolated is human pancreas or spleen cDNA.

[0062] For the human calcium sensitive potassium chan-
nel f3d subunit, suitable primer pairs would be, e.g.:

5'-GAG ATG GAC TTT TCA CCA AGC
TCT-3'
and

(SEQ. ID. NO.: 18)

5'-TTG CAG AAA TCA CAG ACA TCT
GAA-3'.

(SEQ. ID. NO.: 15)

[0063] A suitable cDNA template from which the human
calcium sensitive potassium channel 3d subunit can be
isolated is human pancreas or spleen cDNA.

[0064] PCR reactions can be carried out with a variety of
thermostable enzymes including but not limited to Ampli-
Taq, AmpliTaq Gold, or Vent polymerase. For AmpliTaq,
reactions can be carried out in 10 mM Tris-Cl, pH 8.3, 2.0
mM MgCl,, 200 uM for each ANTP, 50 mM KCI, 0.2 uM for
each primer, 10 ng of DNA template, 0.05 units/ul of
AmpliTaq. The reactions are heated at 95° C. for 3 minutes
and then cycled 25 times using the cycling parameters of 95°
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C., 20 seconds, 62° C., 20 seconds, 72° C., 3 minutes. In
addition to these conditions, a variety of suitable PCR
protocols can be found in PCR Primer, A Laboratory
Manual, edited by C. W. Dieffenbach and G. S. Dveksler,
1995, Cold Spring Harbor Laboratory Press; or PCR Pro-
focols: A Guide to Methods and Applications, Michael et al.,
eds., 1990, Academic Press.

[0065] Since the calcium sensitive potassium channel sub-
units of the present invention are highly homologous to one
another, and to other potassium channel subunits, it is
desirable to sequence the clones obtained by the herein-
described methods, in order to verify that the desired cal-
cium sensitive potassium channel [} subunits have in fact
been obtained.

[0066] By these methods, ¢cDNA clones encoding the
human calcium sensitive potassium channel 2, f3a, p3b,
[3c, or f3d subunit proteins can be obtained. These cDNA
clones can be cloned into suitable cloning vectors or expres-
sion vectors, e.g., the mammalian expression vector
pcDNA3.1 (Invitrogen, San Diego, Calif.). Human calcium
sensitive potassium channel B2, f3a, p3b, f3c, or f3d
subunit proteins can then be produced by transfecting
expression vectors encoding the subunits or portions thereof
into suitable host cells and growing the host cells under
appropriate conditions. Human calcium sensitive potassium
channel 2, $3a, f3b, f3c, or f3d subunit proteins can then
be isolated by methods well known in the art.

[0067] As an alternative to the above-described PCR
methods, cDNA clones encoding the human calcium sensi-
tive potassium channel 2, f3a, f3b, f3c, or f3d subunit
proteins can be isolated from ¢DNA libraries using as a
probe oligonucleotides specific for each human calcium
sensitive potassium channel $2, f3a, p3b, P3c, or P3d
subunit and methods well known in the art for screening
c¢DNA libraries with oligonucleotide probes. Such methods
are described in, e.g., Sambrook et al., 1989, Molecular
Cloning: A Laboratory Manual; Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, N.Y.; Glover, D. M. (ed.), 1985,
DNA Cloning: A Practical Approach, MRL Press, Ltd.,
Oxford, U.K., Vol. I I1. Oligonucleotides that are specific for
particular human calcium sensitive potassium channel f2,
[3a, p3b, p3c, or p3d subunits and that can be used to screen
cDNA libraries can be readily designed based upon the DNA
sequences shown in FIGS. 1-5 and can be synthesized by
methods well-known in the art.

[0068] Genomic clones containing the human calcium
sensitive potassium channel B2, f3a, p3b, p3c, or f3d
subunit genes can be obtained from commercially available
human PAC, YAC, or BAC libraries available from
Research Genetics, Huntsville, Ala. Alternatively, one may
prepare genomic libraries, e.g., in P1 artificial chromosome
vectors, from which genomic clones containing the human
calcium sensitive potassium channel f2, §3a, f3b, f3c, or
[3d subunit genes can be isolated, using probes based upon
the human calcium sensitive potassium channel f2, p3a,
[3b, B3c, or p3d subunit DNA sequences disclosed herein.
Methods of preparing such libraries are known in the art
(see, e.g., loannou et al., 1994, Nature Genet. 6:84-89).

[0069] The novel DNA sequences of the present invention
can be used in various diagnostic methods. The present
invention provides diagnostic methods for determining
whether a patient carries a mutation in one or more of the



US 2005/0255559 Al

human calcium sensitive potassium channel 2, f3a, p3b,
B3c, or f3d subunit genes. In broad terms, such methods
comprise determining the DNA sequence of a region in or
near one or more of the human calcium sensitive potassium
channel 2, f3a, B3b, p3c, or f3d subunit genes from the
patient and comparing that sequence to the sequence from
the corresponding region of the human calcium sensitive
potassium channel 2, f3a, f3b, p3c, or f3d subunit genes
from a non-affected person, i.e., a person who does not have
the condition which is being diagnosed, where a difference
in sequence between the DNAsequence of the gene from the
patient and the DNA sequence of the gene from the non-
affected person indicates that the patient has a mutation in
one or more of the human calcium sensitive potassium
channel B2, f3a, f3b, p3c, or f3d subunit genes.

[0070] The present invention also provides oligonucle-
otide probes, based upon the sequences of SEQ. ID. NOs:1,
3,5,7,9, or 20 that can be used in diagnostic methods to
identify patients having mutated forms of human calcium
sensitive potassium channel $2, f3a, p3b, B3c, or f3d
subunits, to determine the level of expression of RNA
encoding human calcium sensitive potassium channel (2,
p3a, p3b, p3c, or f3d subunits, or to isolate genes homolo-
gous to human calcium sensitive potassium channel 2, f3a,
B3b, B3c, or f3d subunits. In particular, the present inven-
tion includes DNA oligonucleotides comprising at least
about 10, 15, or 18 contiguous nucleotides of a sequence
selected from the group consisting of: SEQ. ID. NOs:1, 3, 5,
7,9, and 20 where the oligonucleotide probe comprises no
stretch of contiguous nucleotides longer than 5 of a sequence
selected from the group consisting of: SEQ. ID. NOs:1, 3, 5,
7, 9, and 20 other than the said at least about 10, 15, or 18
contiguous nucleotides. The oligonucleotides can be sub-
stantially free from other nucleic acids. Also provided by the
present invention are corresponding RNA oligonucleotides.
The DNA or RNA oligonucleotide can be packaged in kits
for use as probes.

[0071] The present invention makes possible the recom-
binant expression of the human calcium sensitive potassium
channel $2, f3a, p3b, B3¢, or f3d subunit proteins in various
cell types.

[0072] The P2, p3a, p3b, B3c, and B3d subunits of the
human calcium sensitive potassium channel have been
expressed in Xenopus oocytes, both by themselves and in
combination with an o subunit of a large-conductance
calcium-sensitive potassium channel (maxi-K channel). The
B subunits do not express currents on their own. However,
when co-expressed with the o subunit, the 32, f3a, and 3¢
subunits induce inactivation of calcium sensitive potassium
currents (FIG. 7). The rates of inactivation produced by {2,
B3a and P3c are dependent upon voltage and internal cal-
clum concentration; Inactivation time constants reach a
maximum at high depolarizations and high micromolar
calcium for 2, p3a and p3c, T;,,,~30-40 ms at 80 mV with
30 uM intracellular Ca**. Measurements of current-voltage
dependence obtained in the presence of micromolar intrac-
ellular Ca** demonstrate that 2 subunits induce a large shift
in the voltage dependence of activation (~80 mV towards
negative potentials, with 30 uM Ca** in the bath; FIG. 7B).
This modulatory effect is similar to the one previously
described for 1 subunits, which do not induce inactivation.
(McManus et al., 1995, Neuron 14:645-650). In contrast,
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(3a, p3b, f3c, and P3d subunits do not shift the voltage
dependence when compared to channels containing only o
subunits (FIG. 7B).

[0073] The present invention also makes possible the
development of assays that measure the biological activity
of calcium sensitive potassium channels containing human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
(3d subunit proteins. Such assays using recombinantly
expressed human calcium sensitive potassium channel 32,
3a, B3b, B3c, or f3d subunit proteins are especially of
interest. Such assays can be used to screen libraries of
compounds or other sources of compounds to identify
compounds that are activators or inhibitors of the activity of
calcium sensitive potassium channels containing human
calcium sensitive potassium channel 2, f3a, p3b, f3c, or
[3d subunit proteins. Such identified compounds can serve
as “leads” for the development of pharmaceuticals that can
be used to treat patients having diseases in which it is
beneficial to enhance or suppress calcium sensitive potas-
sium channel activity.

[0074] In versions of the above-described assays, calcium
sensitive potassium channels containing mutant human cal-
cium sensitive potassium channel f2, f3a, f3b, f3c, or f3d
subunit proteins are used and inhibitors or activators of the
activity of the mutant calcium sensitive potassium channels
are identified.

[0075] Preferred cell lines for recombinant expression of
human calcium sensitive potassium channel p2, f3a, p3b,
[3c, or f3d subunit proteins are those which do not express
endogenous potassium channels (e.g., CV-1, NIH-3T3,
CHO-K1, COS-7). Such cell lines can be loaded with °Rb,
an ion which can pass through potassium channels. The
8Rb-loaded cells can be exposed to collections of sub-
stances (e.g., combinatorial libraries, natural products, ana-
logues of lead compounds produced by medicinal chemis-
try) and those substances that are able to alter *°Rb efflux
identified. Such substances are likely to be activators or
inhibitors of calcium sensitive potassium channels contain-
ing human calcium sensitive potassium channel p2, p3a,
[3b, P3c, or p3d subunit proteins.

[0076] Activators and inhibitors of calcium sensitive
potassium channels containing human calcium sensitive
potassium channel B2, p3a, f3b, p3c, or f3d subunit pro-
teins are likely to be substances that are capable of binding
to calcium sensitive potassium channels. Accordingly, one
type of assay determines whether one or more of a collection
of substances is capable of such binding.

[0077] Accordingly, the present invention provides a
method for identifying substances that bind to calcium
sensitive potassium channels containing human calcium
sensitive potassium channel B2, p3a, p3b, p3c, or P3d
subunit proteins comprising:

[0078] () providing cells expressing a calcium sen-
sitive potassium channel containing human calcium
sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins;

[0079] (b) exposing the cells containing human cal-
cium sensitive potassium channel 2, f3a, f3b, p3c,
or p3d subunit proteins to a substance that is not
known to bind calcium sensitive potassium channels;
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[0080] (c) determining the amount of binding of the
substance to the cells;

[0081] (d) comparing the amount of binding in step
(c) to the amount of binding of the substance to
control cells where the control cells are substantially
identical to the cells of step (a) except that the control
cells do not express human calcium sensitive potas-
sium channel f2, p3a, $3b, p3c, or f3d subunit
proteins;

[0082] where if the amount of binding in step (c) is
greater than the amount of binding of the substance
to control cells, then the substance binds to calcium
sensitive potassium channels containing human cal-
cium sensitive potassium channel 2, p3a, p3b, p3c,
or f3d subunit proteins.

[0083] Another version of this assay makes use of com-
pounds that are known to bind to calcium sensitive potas-
sium channels containing human calcium sensitive potas-
sium channel f2, p3a, f3b, p3c, or f3d subunit proteins.
New binders are identified by virtue of their ability to
potentiate, prevent, or displace the binding of the known
compounds. Substances that have this ability are likely
themselves to be inhibitors or activators of calcium sensitive
potassium channels containing human calcium sensitive
potassium channel 2, f3a, p3b, p3c, or f3d subunit pro-
teins.

[0084] Accordingly, the present invention includes a
method of identifying substances that bind calcium sensitive
potassium channels containing human calcium sensitive
potassium channel 2, f3a, p3b, p3c, or f3d subunit pro-
teins and thus are likely to be inhibitors or activators of
calcium sensitive potassium channels containing human
calcium sensitive potassium channel B2, f3a, $3b, p3c, or
p3d subunit proteins comprising:

[0085] (a) providing cells expressing calcium sensi-
tive potassium channels containing human calcium
sensitive potassium channel f2, f3a, f3b, p3c, or
[3d subunit proteins;

[0086] (b) exposing the cells to a compound that is
known to bind to the calcium sensitive potassium
channels containing human calcium sensitive potas-
sium channel p2, p3a, f3b, p3c, or f3d subunit
proteins;

[0087] (c) determining the amount of binding of the
compound to the cells in the presence and in the
absence of a substance not known to bind to calcium
sensitive potassium channels containing human cal-
cium sensitive potassium channel 2, f3a, p3b, B3c,
or p3d subunit proteins;

[0088] where if the amount of binding of the com-
pound in the presence of the substance differs from
that in the absence of the substance, then the sub-
stance binds calcium sensitive potassium channels
containing human calcium sensitive potassium chan-
nel 2, f3a, p3b, 3¢, or f3d subunit proteins and is
likely to be an inhibitor or activator of calcium
sensitive potassium channels containing human cal-
cium sensitive potassium channel (2, p3a, p3b, p3c,
or p3d subunit proteins.
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[0089] Generally, the known compound is labeled (e.g.,
radioactively, enzymatically, fluorescently) in order to facili-
tate measuring its binding to the calcium sensitive potassium
channels.

[0090] Once a substance has been identified by the above-
described methods, it can be assayed in functional tests, such
as those described herein, in order to determine whether it is
an inhibitor or an activator.

[0091] In particular embodiments, the compound known
to bind calcium sensitive potassium channels containing
human calcium sensitive potassium channel f2, f3a, f3b,
3c, or p3d subunit proteins is selected from the group
consisting of: charybdotoxin, iberiotoxin, and dehydroso-
yasaponin.

[0092] The present invention includes a method of iden-
tifying activators or inhibitors of calcium sensitive potas-
sium channels containing human calcium sensitive potas-
sium channel 2, p3a, p3b, p3c, or f3d subunit proteins
comprising;

[0093] (a) recombinantly expressing human calcium
sensitive potassium channel p2, f3a, p3b, f3c, or
[3d subunit proteins or mutant human calcium sen-
sitive potassium channel p2, f3a, f3b, p3c, or f3d
subunit proteins in a host cell so that the recombi-
nantly expressed human calcium sensitive potassium
channel p2, p3a, f3b, f3c, or f3d subunit proteins
form calcium sensitive potassium channels by form-
ing heteromers with other calcium sensitive potas-
sium channel subunit proteins;

[0094] (b) measuring the biological activity of the
calcium sensitive potassium channels formed in step
(2) in the presence and in the absence of a substance
suspected of being an activator or an inhibitor of
calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, p3a,
(3b, p3c, or p3d subunit proteins;

[0095] where a change in the biological activity of
the calcium sensitive potassium channels formed in
step (a) in the presence as compared to the absence
of the substance indicates that the substance is an
activator or an inhibitor of calcium sensitive potas-
sium channels containing human calcium sensitive
potassium channel 2, $3a, f3b, 3¢, or f3d subunit
proteins.

[0096] It may be advantageous to recombinantly express
other subunits of calcium sensitive potassium channels such
as, e.g., an o subunit. Alternatively, it may be advantageous
to use host cells that endogenously express such other
subunits.

[0097] In particular embodiments, the biological activity
is the production of a calcium sensitive potassium current, a
FRET signal, or the efflux of #°Rb.

[0098] In particular embodiments, a vector encoding
human calcium sensitive potassium channel 2, f3a, f3b,
p3c, or p3d subunit proteins is transferred into Xenopus
oocytes in order to cause the expression of human calcium
sensitive potassium channel B2, f3a, p3b, p3c, or Pf3d
subunit proteins in the oocytes. Alternatively, RNA encoding
human calcium sensitive potassium channel 2, p3a, p3b,
p3c, or pf3d subunit proteins can be prepared in vitro and
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injected into the oocytes, also resulting in the expression of
human calcium sensitive potassium channel (2, f3a, p3b,
B3c, or P3d subunit proteins in the oocytes. Following
expression of the human calcium sensitive potassium chan-
nel f2, f3a, p3b, f3c, or f3d subunit proteins in the oocytes,
and following the formation of calcium sensitive potassium
channels containing these subunits and other calcium sen-
sitive potassium channel subunits (which other subunits may
also be transferred into the oocytes), membrane currents are
measured after the transmembrane voltage and/or internal
calcium concentration is changed in steps. A change in
membrane current is observed when the calcium sensitive
potassium channels open or close, allowing or inhibiting
potassium ion flow, respectively. Similar oocyte studies
were reported for KCNQ2 and KCNQ3 potassium channels
in Wang et al, 1998, Science 282:1890-1893 and this
reference and references cited therein can be consulted for
guidance as to how to carry out such studies.

[0099] Inhibitors or activators of calcium sensitive potas-
sium channels containing human calcium sensitive potas-
sium channel 2, $3a, 3b, p3c, or f3d subunit proteins can
be identified by exposing the oocytes to collections of
substances and determining whether the substances can
block or diminish, or activate or enhance the membrane
currents observed in the absence of the substance.

[0100] Accordingly, the present invention provides a
method of identifying inhibitors or activators of calcium
sensitive potassium channels containing human calcium
sensitive potassium channel $2, f3a, p3b, B3c, or f3d
subunit proteins comprising:

[0101] (a)expressing human calcium sensitive potas-
sium channel p2, p3a, f3b, p3c, or f3d subunit
proteins in a heterologous system such that calcium
sensitive potassium channels containing the human
calcium sensitive potassium channel 2, f3a, §3b,
B3¢, or f3d subunit proteins are formed;

[0102] (b) changing the transmembrane potential or
internal calcium concentration of the heterologous
system in the presence and the absence of a sub-
stance suspected of being an inhibitor or activator of
calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, f3a,
[(3b, B3c, or $3d subunit proteins;

[0103] (c) measuring membrane potassium currents
following step (b);

[0104] where if the membrane potassium currents
measured in step (c) are greater in the absence rather
than in the presence of the substance, then the
substance is an inhibitor of calcium sensitive potas-
sium channels containing human calcium sensitive
potassium channel 2, f3a, §3b, f3c¢, or f3d subunit
proteins;

[0105] where if the membrane potassium currents
measured in step (c) are less in the absence rather
than in the presence of the substance, then the
substance is an activator of calcium sensitive potas-
sium channels containing human calcium sensitive
potassium channel 2, f3a, §3b, f3c¢, or f3d subunit
proteins.

[0106] In particular embodiments, the heterologous sys-
tem is selected from the group consisting of: Xenopus
oocytes and a mammalian cell line.
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[0107] The present invention also includes assays for the
identification of activators and inhibitors of calcium sensi-
tive potassium channels containing human calcium sensitive
potassium channel B2, p3a, f3b, p3c, or f3d subunit pro-
teins that are based upon fluorescence resonance energy
transfer (FRET) between a first and a second fluorescent dye
where the first dye is bound to one side of the plasma
membrane of a cell expressing calcium sensitive potassium
channels containing human calcium sensitive potassium
channel p2, f3a, f3b, P3¢, or f3d subunit proteins and the
second dye is free to shuttle from one face of the membrane
to the other face in response to changes in membrane
potential. In certain embodiments, the first dye is impen-
etrable to the plasma membrane of the cells and is bound
predominately to the extracellular surface of the plasma
membrane. The second dye is trapped within the plasma
membrane but is free to diffuse within the membrane. At
normal (i.e., negative) resting potentials of the membrane,
the second dye is bound predominately to the inner surface
of the extracellular face of the plasma membrane, thus
placing the second dye in close proximity to the first dye.
This close proximity allows for the generation of a large
amount of FRET between the two dyes. Following mem-
brane depolarization, the second dye moves from the extra-
cellular face of the membrane to the intracellular face, thus
increasing the distance between the dyes. This increased
distance results in a decrease in FRET, with a corresponding
increase in fluorescent emission derived from the first dye
and a corresponding decrease in the fluorescent emission
from the second dye. In this way, the amount of FRET
between the two dyes can be used to measure the polariza-
tion state of the membrane. For a fuller description of this
technique, see Gonzdlez & Tsien, 1997, Chemistry & Biol-
ogy 4:269-277. See also Gonzilez & Tsien, 1995, Biophys.
J. 69:1272-1280 and U.S. Pat. No. 5,661,035.

[0108] In certain embodiments, the first dye is a fluores-
cent lectin or a fluorescent phospholipid that acts as the
fluorescent donor. Examples of such a first dye are: a
coumarin-labeled phosphatidylethanolamine (e.g., N-(6-
chloro-7-hydroxy-2-oxo0-2H-1-benzopyran-3-carboxami-
doacetyl)-dimyristoylphosphatidyl-ethanolamine) or N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)-
dipalmitoylphosphatidylethanolamine); a fluorescently-
labeled lectin (e.g., fluorescein-labeled wheat germ
agglutinin). In certain embodiments, the second dye is an
oxonol that acts as the fluorescent acceptor. Examples of
such a second dye are: bis(1,3-dialkyl-2-thiobarbiturate)tri-
methineoxonols (e.g., bis(1,3-dihexyl-2-thiobarbiturate)tri-
methineoxonol) or pentamethineoxonol analogues (e.g.,
bis(1,3-dihexyl-2-thiobarbiturate)pentamethineoxonol;,  or
bis(1,3-dibutyl-2-thiobarbiturate)pentamethineoxonol). See
Gonzilez & Tsien, 1997, Chemistry & Biology 4:269-277
for methods of synthesizing various dyes suitable for use in
the present invention. In certain embodiments, the assay
may comprise a natural carotenoid, e.g., astaxanthin, in
order to reduce photodynamic damage due to singlet oxy-
gen.

[0109] The above described assays can be utilized to
discover activators and inhibitors of calcium sensitive potas-
sium channels containing human calcium sensitive potas-
sium channel f2, p3a, p3b, f3c, or f3d subunit proteins.
Such assays will generally utilize cells that express calcium
sensitive potassium channels containing human calcium
sensitive potassium channel f2, p3a, p3b, P3c, or P3d
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subunit proteins, e.g., by transfection with expression vec-
tors encoding human calcium sensitive potassium channel
B2, p3a, p3b, p3c, or f3d subunit proteins and, optionally,
other calcium sensitive potassium channel subunits. In such
cells, depolarization of the membrane potential as well as
increases in intracellular calcium concentration will tend to
open the calcium sensitive potassium channels. This will
result in potassium efflux, tending to counteract the depo-
larization. In other words, the cells will tend to repolarize.
The presence of an inhibitor of the calcium sensitive potas-
sium channel will prevent, or diminish, this repolarization.
Thus, membrane potential will tend to become more positive
(i.e., depolarized) in the presence of inhibitors. Activators of
the calcium sensitive potassium channel will open this
channel and thus tend to hyperpolarize the membrane poten-
tial. Changes in membrane potential (depolarizations and
hyperpolarizations) that are caused by inhibitors and acti-
vators of calcium sensitive potassium channels can be
monitored by the assays using FRET described above.

[0110] Accordingly, the present invention provides a
method of identifying activators of calcium sensitive potas-
sium channels containing human caleium sensitive potas-
sium channel B2, p3a, f3b, f3c, or f3d subunit proteins
comprising:

[o111]

[0112] (1) an expression vector that directs the
expression of human calcium sensitive potassium
channel (2, $3a, p3b, f3c, or f3d subunit proteins
in the cells so that calcium sensitive potassium
channels containing human 2, $3a, f3b, f3c, or
[3d subunit proteins are formed in the cells;

[0113] (2) a first fluorescent dye, where the first
dye is bound to one side of the plasma membrane
of the cells; and

(a) providing test cells comprising:

[0114] (3) a second fluorescent dye, where the
second fluorescent dye is free to shuttle from one
face of the plasma membrane of the cells to the
other face in response to changes in membrane
potential;

[0115] (b) exposing the test cells to a substance that
is suspected of being an activator of calcium sensi-
tive potassium channels containing human calcium
sensitive potassium channel 2, f3a, f3b, p3c, or
[3d subunit proteins;

[0116] (c) measuring the amount of fluorescence
resonance energy transfer (FRET) in the test cells
that have been exposed to the substance;

[0117] (d) comparing the amount of FRET exhibited
by the test cells that have been exposed to the
substance with the amount of FRET exhibited by
control cells;

[0118] wherein if the amount of FRET exhibited by
the test cells is greater than the amount of FRET
exhibited by the control cells, the substance is an
activator of calcium sensitive potassium channels
containing human calcium sensitive potassium chan-
nel B2, p3a, p3b, f3c, or f3d, -subunit proteins;

[0119] where the control cells are either (1) cells that
are essentially the same as the test cells except that
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they do not comprise at least one of the items listed
at (a) (1)-(3) but have been exposed to the substance;
or (2) test cells that have not been exposed to the
substance.

[0120] The present invention also provides a method of
identifying inhibitors of calcium sensitive potassium chan-
nels containing human calcium sensitive potassium channel
2, p3a, f3b, f3c, or f3d subunit proteins comprising:

[0121]

[0122] (1) an expression vector that directs the
expression of human calcium sensitive potassium
channel p2, f3a, p3b, p3c, or f3d subunit proteins
in the cells so that calcium sensitive potassium
channels containing human p2, f3a, f3b, pf3c, or
[3d subunit proteins are formed in the cells;

[0123] (2) a first fluorescent dye, where the first
dye is bound to one side of the plasma membrane
of the cells; and

[0124] (3) a second fluorescent dye, where the
second fluorescent dye is free to shuttle from one
face of the plasma membrane of the cells to the
other face in response to changes in membrane
potential;

[0125] (b) exposing the test cells to a substance that
is suspected of being an inhibitor of calcium sensi-
tive potassium channels containing human calcium
sensitive potassium channel f2, $3a, $3b, f3c, or
[3d subunit proteins;

[0126] (c) measuring the amount of fluorescence
resonance energy transfer (FRET) in the test cells
that have been exposed to the substance;

[0127] (d) comparing the amount of FRET exhibited
by the test cells that have been exposed to the
substance with the amount of FRET exhibited by
control cells;

[0128] wherein if the amount of FRET exhibited by
the test cells is less than the amount of FRET
exhibited by the control cells, the substance is an
inhibitor of calcium sensitive potassium channels
containing human calcium sensitive potassium chan-
nel p2, p3a, p3b, p3c, or p3d subunit proteins;

[0129] where the control cells are either (1) cells that
are essentially the same as the test cells except that
they do not comprise at least one of the items listed
at (a) (1)-(3) but have been exposed to the substance;
or (2) test cells that have not been exposed to the
substance.

(a) providing test cells comprising:

[0130] In a variation of the assay described above, instead
of the cell’s membrane potential being allowed to reach
steady state on its own, the membrane potential is artificially
set at a potential in which the calcium sensitive potassium
channels containing human calcium sensitive potassium
channel f2, $3a, $3b, f3c, or f3d subunit proteins are open.
This can be done, e.g., by variation of the external K*
concentration in a known manner (e.g., increased concen-
trations of external K*). If such cells, having open calcium
sensitive potassium channels containing human calcium
sensitive potassium channel 2, p3a, p3b, p3c, or f3d
subunit proteins, are exposed to inhibitors, the calcium
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sensitive potassium channels will be blocked, and the cells’
membrane potentials will be depolarized. This depolariza-
tion can be observed as a decrease in FRET.

[0131] In a variation of the assay described above, instead
of the cell’s membrane potential being allowed to reach
steady state on its own, the membrane potential is artificially
set at a potential in which the calcium sensitive potassium
channels containing human calcium sensitive potassium
channel p2, f3a, p3b, 3¢, or f3d subunit proteins are open
by coexpression of another depolarizing current. If such
cells, having open calcium sensitive potassium channels
containing human calcium sensitive potassium channel (2,
B3a, p3b, P3c, or f3d subunit proteins, are exposed to
inhibitors, the calcium sensitive potassium channels will be
blocked, and the cells’ membrane potentials will be depo-
larized. This depolarization can be observed as a decrease in
FRET. If such cells, having open calcium sensitive potas-
sium channels containing human calcium sensitive potas-
sium channel 32, f3a, f3b, f3c, or f3d subunit proteins, are
exposed to activators, the balance of the calcium sensitive
potassium current and the additional depolarizing current
will shift (i.e., the calcium sensitive potassium current will
make a larger contribution to the total current) and the cell’s
membrane potential will be hyperpolarized. This polariza-
tion may be observed as an increase in FRET.

[0132] Accordingly, the present invention provides a
method of identifying inhibitors or activators of calcium
sensitive potassium channels containing human calcium
sensitive potassium channel $2, f3a, p3b, B3c, or f3d
subunit proteins comprising:

[0133] (a) providing cells comprising;

[0134] (1) an expression vector that directs the
expression of human calcium sensitive potassium
channel (2, f3a, p3b, f3c, or f3d subunit proteins
in the cells so that calcium sensitive potassium
channels containing human (2, p3a, f3b, p3c, or
[3d subunit proteins are formed in the cells;

[0135] (2) a first fluorescent dye, where the first
dye is bound to one side of the plasma membrane
of the cells; and

[0136] (3) a second fluorescent dye, where the
second fluorescent dye is free to shuttle from one
face of the plasma membrane of the cells to the
other face in response to changes in membrane
potential;

[0137] (b) adjusting the membrane potential of the
cells such that the ion channel formed by the calcium
sensitive potassium channels containing human cal-
cium sensitive potassium channel (2, p3a, p3b, p3c,
or f3d subunit proteins is open;

[0138] (c) measuring the amount of fluorescence
resonance energy transfer (FRET) in the test cells;

[0139] (d) repeating step (b) and step (c) while the
cells are exposed to a substance that is suspected of
being an inhibitor or activator of calcium sensitive
potassium channels containing human calcium sen-
sitive potassium channel p2, p3a, p3b, f3c, or f3d
subunit proteins;

[0140] where if the amount of FRET exhibited by the
cells that are exposed to the substance is different
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than the amount of FRET exhibited by the cells that
have not been exposed to the substance, then the
substance is an inhibitor or activator of calcium
sensitive potassium channels containing human cal-
cium sensitive potassium channel (2, f3a, f3b, p3c,
or f3d subunit proteins.

[0141] In particular embodiments of the above-described
methods, the cells contain an expression vector encoding a
human calcium sensitive potassium channel 2, p3a, p3b,
[3c, or f3d subunit protein. In particular embodiments of
the above-described methods, the expression vector is trans-
fected into the test cells.

[0142] In particular embodiments of the above-described
methods, the human calcium sensitive potassium channel
(2, p3a, p3b, P3¢, or f3d subunit protein has an amino acid
sequence selected from the group consisting of: SEQ. ID.
NO.:2, 4, 6, 8, and 10.

[0143] In particular embodiments of the above-described
methods, the first fluorescent dye is selected from the group
consisting of: a fluorescent lectin; a fluorescent phospho-
lipid; a coumarin-labeled phosphatidylethanolamine; N-(6-
chloro-7-hydroxy-2-oxo-2H-1-benzopyran-3-carboxami-
doacetyl)-dimyristoylphosphatidyl-ethanolamine); ~ N-(7-
nitrobenz-2-0xa-1,3-diazol-4-yl)-dipalmitoyl-
phosphatidylethanolamine); and fluorescein-labeled wheat
germ agglutinin.

[0144] In particular embodiments of the above-described
methods, the second fluorescent dye is selected from the
group consisting of: an oxonol that acts as the fluorescent
acceptor;  bis(1,3-dialkyl-2-thiobarbiturate)trimethineox-
onols; bis(1,3-dihexyl-2-thiobarbiturate)trimethineoxonol;
bis(1,3-dialkyl-2-thiobarbiturate)quatramethineoxonols;
bis(1,3-dialkyl-2-thiobarbiturate)pentamethineoxonols;
bis(1,3-dihexyl-2-thiobarbiturate)pentamethineoxonol;
bis(1,3-dibutyl-2-thiobarbiturate)pentamethineoxonol); and
bis(1,3-dialkyl-2-thiobarbiturate)hexamethineoxonols.

[0145] In a particular embodiment of the above-described
methods, the cells are eukaryotic cells. In another embodi-
ment, the cells are mammalian cells. In other embodiments,
the cells are L cells L-M(TK™) (ATCC CCL1.3), Lcells L-M
(ATCC CCL 1.2),293 (ATCC CRL 1573), Raji (ATCC CCL
86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650),
COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3
(ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), Hela
(ATCC CCL 2), C1271 (ATCC CRL 1616), BS-C-1 (ATCC
CCL 26), MRC-5 (ATCC CCL 171), Xenopus melano-
phores, or Xenopus oocytes.

[0146] In particular embodiments of the above-described
methods, the control cells do not comprise item (a)(1) but do
comprise items (a)(2) and (a)(3).

[0147] In assays to identify activators or inhibitors of
calcium sensitive potassium channels containing human
calcium sensitive potassium channel f2, f3a, f3b, f3c, or
[3d subunit proteins, it may be advantageous to co-express
another calcium sensitive potassium channel subunit besides
the human calcium sensitive potassium channel p2, p3a,
[3b, P3c, or p3d subunit. In particular, it may be advanta-
geous to co-express a calcium sensitive potassium channel o
subunit. Preferably, this is done by co-transfecting into the
cells an expression vector encoding the other subunit. Suit-
able other subunits are, e.g., the human calcium sensitive
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potassium channel o subunit h-slo (GenBank accession no.
U11058), the mouse calcium sensitive potassium channel o
subunit m-slo (GenBank accession no. U09383), the small
conductance calcium sensitive potassium o subunits (Gen-
Bank accession nos. U69883, U69882, AF031815), or the
intermediate conductance calcium sensitive potassium chan-
nel o subunit (GenBank accession no. AF022797).

[0148] Small regions of genomic sequences in proximity
to a gene often regulate the transcription of that gene. These
sequences are referred to as cis-acting elements. The pro-
teins that bind these DNA sequences and directly affect the
ability of the transcriptional machinery to bind or transcribe
the gene are referred to as trans-acting elements. The cis-
acting transcriptional regulatory elements are most often 5'
of the transcription start site, but have been located within
and 3' of the transcribed portion of genes as well. Depending
on their effects on the rate of transcription, these sequences
can be divided into three categories: promoters, enhancers,
and repressors. A promoter independently allows transcrip-
tion of the gene, while an enhancer increases the rate of
transcription but is not capable of inducing transcription
independently of the promoter. A repressor element inhibits
transcription directed by a promoter element. Methods for
identifying these elements are well know in the field and are
described in Ausubel et al., eds., 1989, Current Protocols in
Molecular Biology, sections 9.6-9.8, and 12.0-12.11, John
Wiley & Sons, New York, N.Y.

[0149] Accordingly, the novel genomic sequences (SEQ.
ID. NO.:20, FIG. 8) and isolated BAC clones of the present
invention make possible methods for identifying 1) DNA
sequences required for transcriptional control of gene
expression, 2) proteins involved in transcriptional regulation
and 3) compounds which modulate the rate of transeription
of the B3 gene. Such assays utilize isolated and/or recom-
binant DNA comprising portions of SEQ. ID. NO.:20,
positions 1 to 17,436, inserted into vectors upstream of the
open reading frame of a reporter protein.

[0150] Useful reporter proteins are ones that are not
expressed in the cells to be assayed (or are easily distin-
guished from endogenous proteins), have a linear relation-
ship between the abundance of the transcript and the abun-
dance of the reporter protein, and have a large window
between the minimum detection level and saturation of
detection system. Ideally, the abundance of the reporter
protein is quickly measured by an enzymatic reaction,
fluorescence detection, immunoassay or other means. Typi-
cal reporter proteins include, but are not limited to, the
following: Chloramphenicol Acetyltransferase (CAT), fire-
fly luciferase, Beta-Lactamase, Beta-Galactosidase,
Secreted Alkaline Phosphatase (SEAP), human Growth Hor-
mone (hGH), Green Fluorescent Protein (GFP) and GFP
derivatives. Reporter vectors incorporating these proteins
are commercially available, as are similar reporter vectors
containing constitutive promoters, enhancers, or both (Clon-
tech).

[0151] The present invention provides a method for iden-
tifying nucleotide sequences involved in transcriptional
regulation of 3 gene expression. Once a fragment of at least
6 contiguous nucleotides of DNA from SEQ. ID. NO.:20,
positions 1-17,436, has been inserted upstream of the
reporter cDNA in a promoter-reporter vector, the vector is
then transfected into cells that either do or do not endog-
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enously express one or more of the calcium sensitive potas-
sium channel subunits B3a, p3b, p3c or f3d. Promoter-
reporter vectors may contain promoters, enhancers, both, or
neither. Transfected cells are then assayed for the amount of
reporter protein present. Because both transfection effi-
ciency and transcription rate directly affect reporter protein
level, it is useful in these assays to determine the transfection
efficiency by co-transfecting a second vector (molar ratio
1:1) containing a distinct reporter behind a constitutive
promoter, and determining the fraction of transfected cells.

[0152] In versions of the above assay, vectors are con-
structed with fragments of SEQ. ID. NO.:20 inserted
upstream of a reporter cDNA with no other enhancer or
promoter elements. These vectors (with and without frag-
ments of SEQ. ID. NO.:20) are transfected into cells that
endogenously express 3 subunits. Calcium sensitive potas-
sium channel $3 subunit promoter elements are identified by
the ability of these 5' gene fragments to stimulate reporter
expression above the levels observed in the parent vector.
The minimum required promoter sequence is then identified
by successively deleting regions of the identified promoter
fragment, and repeating the assay.

[0153] Another version of the assay incorporates frag-
ments of SEQ. ID. NO.:20 inserted upstream of the reporter
c¢DNA in a promoter-reporter vector containing an enhancer
element. These vectors (with and without fragments of SEQ.
ID. NO.:20) are transtected into cells that endogenously
express 3 subunits. Weak calcium sensitive potassium
channel p3 subunit promoter elements are identified by the
ability of these 5' gene fragments to stimulate reporter
expression above the levels observed in the parent vector.
The minimum required weak promoter sequence can then be
identified by successively deleting regions of the identified
weak promoter fragment and repeating the assay

[0154] A different version of the assay incorporates frag-
ments of SEQ. ID. NO.:20 inserted upstream of the reporter
¢DNA in a promoter-reporter vector with a constitutive
promoter upstream. These vectors (with and without frag-
ments of SEQ. ID. NO.:20) are transfected into cells that do
not endogenously express 3 subunits. Calcium sensitive
potassium channel 33 subunit repressor elements are iden-
tified by the ability of these 5' gene fragments to prevent or
reduce reporter expression below the levels observed in the
parent vector. The minimum required repressor sequence is
then identified by successively deleting regions of the iden-
tified repressor fragment and repeating the assay.

[0155] In view of the above, the present invention pro-
vides a method of identifying DNA sequences in the 3 gene
that promote, enhance, or repress gene transcription com-
prising:

[0156] (a) constructing a promoter-reporter vector
such that fragments of the promoter region of the 3
gene (SEQ. ID. NO.:20, nucleotides 1 to 17,436)
precede the coding cDNA sequence of a reporter
gene which encodes a reporter protein;

[0157] (b) transfecting the vector into cells and mea-
suring the abundance of the reporter protein encoded
by the vector;

[0158] (c) comparing the abundance of the reporter
protein in the cells of step (b) to the abundance of the
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reporter protein in cells transfected with the vector
without fragments of the promoter region of the p3
gene;

[0159] where fragments of the promoter region of the
(3 gene which increase the abundance of the reporter
protein in the absence of other promoter elements
only in cells which endogenously express f3a, 3b,
p3c, or P3d subunits are promoter elements;
sequences which decrease the abundance of the
reporter protein in the presence of an unrelated
constitutive promoter element in cells which do not
endogenously express 33a, §3b, f3c, or f3d subunits
are repressor clements; and sequences which
increase the abundance of the reporter protein in the
presence of an unrelated constitutive promoter ele-
ment in cells which endogenously express p3a, §3b,
3¢, or p3d subunits are enhancer elements.

[0160] In particular embodiments, the vector contains
promoter or enhancer sequence elements which function
independently of the fragments of the promoter region of the
B3 gene.

[0161] In particular embodiments, the abundance of the
reporter protein is normalized with respect to the fraction of
transfected cells.

[0162] The binding of nuclear proteins to these sequences
can be confirmed by gel-shift assays. A radiolabeled DNA
fragment corresponding to the minimal sequence required to
affect transcription is incubated with nuclear protein extracts
from cells used to identify the regulatory DNA element, or
tissues endogenously expressing 3 subunits. If a protein
factor binds that sequence, the mobility in a gel will be
altered, resulting in an apparent shift in the size of the
radiolabeled fragment.

[0163] Transcription factors often are able to recognize
more than one specific nucleotide sequence. As such, varia-
tions of sequences identified as minimal promoters, enhanc-
ers or repressors necessary for transcriptional regulation of
the p3 gene in SEQ. ID. NO.:20, positions 1-17,436, which
retain the ability to influence transcription as detected in the
above described assays are intended to be included in the
present invention.

[0164] Minimal promoter, enhancer or repressor DNA
fragments thus identified can then be used to identify and/or
isolate proteins that influence transcriptional activity of the
B3 gene. Several methods are well known in the field, some
of which are described in Ausubel et al., eds., 1989, Current
Protocols in Molecular Biology, sections 12.0-12.11, John
Wiley & Sons, New York, N.Y.

[0165] Inone method, gel shift assays described above can
be performed with cloned or purified known transcription
factors, to determine if they are capable of binding
sequences involved in transcriptional regulation. Alterna-
tively, super-shift assays can be performed in which an
antibody that recognizes a particular transcription factor is
added to the transcription factor-DNA complex. If the anti-
body binds to the transcription factor, which in turn binds the
radiolabeled DNA fragment, the mobility of the complex in
a gel is further altered, resulting in a super-shift compared to
the DNA alone. Using antibodies that recognize a specific
transcription factor, or a class of transcription factors, allows
identification of the factors involved in 3 gene regulation.
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Variations of sequences identified as minimal promoters,
enhancers or repressors necessary for transcriptional regu-
lation of the 3 gene in SEQ. ID. NO.:20, positions 1-17,
436, which retain the ability to undergo gel shifts or super-
shifts as described in the above assays are intended to be
included in the present invention.

[0166] In view of the above, the present invention pro-
vides a method of identifying DNA sequences in the 3 gene
that promote, enhance, or repress gene transcription com-
prising:

[0167] (a) incubating radiolabeled fragments of
double stranded DNA corresponding to sequences
found in the promoter region of the B3 gene (SEQ.
ID. NO.:20, nucleotides 1 to 17,436) with nuclear
extracts from cells and separating the incubation on
a gel;

[0168] where fragments of double stranded DNA
corresponding to sequences found in the promoter
region of the p3 gene that migrate differently in a gel
(‘undergo a shift’) after incubation with nuclear
extracts from cells are DNA sequences which bind
nuclear factors which promote, enhance or repress
B3 gene expression.

[0169] Inparticular embodiments, the fragments of double
stranded DNA corresponding to sequences found in the
promoter region of the §3 gene are identified by the method
of claim 18.

[0170] In particular embodiments, the cells express 3a,
[3b, p3c, or p3d subunits.

[0171] Inparticular embodiments, the cells do not express
[3a, p3b, p3c, or f3d subunits.

[0172] The present invention provides a method of iden-
tifying nuclear factors involved in f3 gene transcription
regulation comprising:

[0173] (a) incubating radiolabeled fragments of
double stranded DNA corresponding to sequences
found in the promoter region of the B3 gene (SEQ.
ID. NO.:20, nucleotides 1 to 17,436) with cloned or
purified transcription factors and separating the incu-
bation on a gel;

[0174] where factors which bind 3 gene promoter
sequence elements will induce a shift in the migra-
tion of the radiolabeled DNA fragments, and are
involved in 3 gene transcription regulation.

[0175] Inparticular embodiments, the fragments of double
stranded DNA corresponding to sequences found in the
promoter region of the B3 gene are identified by the methods
of claim 18 or 21.

[0176] The present invention provides a method of iden-
tifying nuclear factors involved in 3 gene transcription
regulation comprising:

[0177] (a) incubating radiolabeled fragments of
double stranded DNA corresponding to sequences
found in the promoter region of the 3 gene (SEQ.
ID. NO.:20, nucleotides 1 to 17,436) with nuclear
extracts from cells and separating the incubation on
a gel;
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[0178] (b) adding an antibody that specifically rec-
ognizes a single transcription factor or a family of
transcription factors to the incubation of step (a),
followed by separating the incubation on a gel;

[0179] where a super-shift in mobility of the double
stranded DNA in step (b) as compared to step (a)
indicates that a transcription factor recognized by the
antibody binds the double stranded DNA.

[0180] In another method, the transcription factors that
bind SEQ. ID. NO.:20, positions 1-17,436, and regulate
transcription can be purified. DNA fragments corresponding
to the minimal sequence required to affect transcription are
covalently linked to a matrix (typically an agarose bead).
This matrix is then incubated with nuclear extracts of cells
that contain factors which bind the minimal element. The
matrix is then washed free of non-specific proteins and the
factor(s) are eluted with an excess of the DNA element, or
by denaturation. Purified proteins can then be identified by
immunoassay, protein sequencing, or other means.

[0181] Accordingly, the present invention provides a
method of identifying nuclear factors involved in 3 gene
transcription regulation comprising:

[0182] (a) attaching fragments of double stranded
DNA corresponding to sequences found in the pro-
moter region of the 3 gene (SEQ. ID. NO.:20,
nucleotides 1 to 17,436) to a stable matrix;

[0183] (b)incubating nuclear extracts from cells with
the matrix;

[0184] (c) washing non-binding proteins from the
nuclear extract from the matrix;

[0185] (d) eluting bound proteins from the matrix
with excess double stranded DNA corresponding to
sequences found in the promoter region of the 3
gene;

[0186] where the eluted proteins from step (d) are
nuclear factors involved in (3 gene transcription
regulation.

[0187] In particular embodiments, the method further
comprises separating the eluted proteins from step (d) on a
gel and staining the gel to test for purity of the eluted
proteins.

[0188] In particular embodiments, the method further
comprises sequencing the proteins that have been separated
on the gel.

[0189] In particular embodiments, the method further
comprises immunological analysis of the proteins that have
been separated on the gel with antibodies directed towards
known transcription factors to identify the eluted proteins by
western blot or immunoprecipitation.

[0190] In particular embodiments, the fragments of double
stranded DNA corresponding to sequences found in the
promoter region of the 3 gene are identified by the methods
of claim 18 or 21.

[0191] In a different approach, cDNAs encoding the tran-
scription factors that bind SEQ. ID. NO.:20; positions 1-17,
436 can be cloned by several methods. In one version, the
minimal DNA sequence is radiolabeled and used to screen
an expression library made from tissues or cell lines that
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endogenously express the 33 gene. Phage containing cDNA
encoding the transcription factor are induced to express
fusion proteins that target the transcription factor to its
surface. Such phage plaques are identified by their ability to
bind radiolabeled DNA sequences containing the minimal
DNA sequence.

[0192] Accordingly, the present invention provides a
method of identifying clones encoding nuclear factors
involved in B3 gene transcription regulation by cloning
comprising:

[0193] (a) screening an expression library with radio-
labeled fragments of double stranded DNA corre-
sponding to sequences found in the promoter region
of the 3 gene (SEQ. ID. NO.:20, nucleotides 1 to
17,436)

[0194] (b) determining which clones of the library
bind the radiolabeled fragments of double stranded
DNA;

[0195] (c) amplifying and sequencing the clones of
step (b).

[0196] In particular embodiments, the fragments of double
stranded DNA corresponding to sequences found in the
promoter region of the 3 gene are identified by the methods
of claim 18 or 21.

[0197] Another cloning approach involves phage express-
ing transcription factor fusion proteins at their surface. In
this approach, the minimal DNA sequence is linked to a
matrix. A phage expression library is then passed over the
matrix and washed. Only phage containing the transcription
factor bind the matrix. Bound phage are eluted with excess
minimal DNA sequence and purified. cDNA encoding the
transcription factor is then isolated from the phage and
sequenced.

[0198] Accordingly, the present invention provides a
method of identifying nuclear factors involved in 3 gene
transcription regulation by cloning comprising:

[0199] (a) attaching fragments of double stranded
DNA corresponding to sequences found in the pro-
moter region of the B3 gene (SEQ. ID. NO.:20,
nucleotides 1 to 17,436) to a stable matrix;

[0200] (b) incubating phage expressing cDNA
encoded fusion proteins at their surface with the
matrix;

[0201] (c) removing phage that do not bind to the
matrix by washing;

[0202] (d) eluting phage bound to the matrix with
excess fragments of double stranded DNA corre-
sponding to sequences found in the promoter region
of the 3 gene;

[0203] where the phage eluted in step (d) encode
nuclear factors involved in B3 gene transcription
regulation.

[0204] In particular embodiments, the DNA correspond-
ing to sequences found in the promoter region of the 3 gene
are identified by the methods of claim 18 or 21.

[0205] Inparticular embodiments, the phage eluted at step
(d) are amplified and sequenced.
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[0206] A separate transcription factor cloning approach is
the yeast ‘one-hybrid” method (available in kit form from
Clontech). In this method, yeast strains are made that
contain several copies (three suggested) of the minimal
element upstream of a reporter. A cDNA library is made such
that each vector contains a cDNA that will be expressed as
a fusion protein with the transcription activation domain of
a yeast promoter. Thus, any fusion protein that specifically
binds the DNA of interest will induce expression of the
reporter protein. The vector containing the cDNA is then
isolated from the yeast and sequenced.

[0207] Accordingly, the present invention provides a
method of identifying nuclear factors involved in 3 gene
transcription regulation by cloning comprising:

[0208] (a) constructing a yeast strain that contains a
few to several copies of a fragment of double
stranded DNA corresponding to sequences found in
the promoter region of the B3 gene (SEQ. ID.
NO.:20, nucleotides 1 to 17,436) preceding a cDNA
encoding a reporter protein;

[0209] (b) constructing a cDNA library from cells in
a vector that allows formation of fusion proteins
encoded by the inserted ¢cDNA and a transcription
activation domain;

[0210] (c) transforming the library of (b) into the
yeast strain of (a) and isolating colonies of yeast
displaying expression of the reporter protein.

[0211] In particular embodiments, the fragments of double
stranded DNA corresponding to sequences found in the
promoter region of the 3 gene are identified by the methods
of claim 18 or 21.

[0212] In particular embodiments, the method further
comprises purifying the vectors from the isolated colonies
and sequencing the cDNA in the vectors.

[0213] Since transcription factors often are able to recog-
nize more than one specific nucleotide sequence, variations
of sequences identified as minimal promoters, enhancers or
repressors necessary for transcriptional regulation of the 3
gene in SEQ. ID. NO.:20; positions 1-17,436, that can be
bound by transcription factors as detected in the above
described assays are intended to be included in the present
nvention.

[0214] Identification of nucleotide sequences involved in
transcriptional regulation of B3 gene expression by the
methods described above allows for the development of
assays that can be used to screen collections of substances to
identify those substances that enhance or inhibit transcrip-
tion of the B3 gene. Fragments of the promoter region of the
B3 gene (SEQ. ID. NO.:20, nucleotides 1 to 17,436) that
have been shown to be involved in transcriptional regulation
are linked to the coding sequence of a reporter gene in a
suitable vector and are then transferred to appropriate cells.
The abundance of the reporter protein in the cells is deter-
mined. The cells are then exposed to compounds that are
suspected of being capable of enhancing or inhibiting the
rate of transcription of the 3 gene. If the compound actually
is capable of enhancing the rate of transcription of the 3
gene, then the abundance of the reporter protein will be
increased when the cells are exposed to the compound.
Conversely, if the compound actually is capable of inhibiting
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the rate of transcription of the 3 gene, then the abundance
of the reporter protein will be decreased when the cells are
exposed to the compound.

[0215] Accordingly, the present invention provides a
method of identifying substances that enhance or inhibit the
rate of transcription of the §3 gene comprising:

[0216] (a) constructing a promoter-reporter vector
such that fragments of the promoter region of the 3
gene (SEQ. ID. NO.:20, nucleotides 1 to 17,436)
precede the coding cDNA sequence of a reporter
gene which encodes a reporter protein;

[0217] (b) transfecting the vector into cells and mea-
suring the abundance of the reporter protein encoded
by the vector in the presence and absence of a
compound,

[0218] where (1) if the presence of the compound
decreases the abundance of the reporter protein, then
the compound is a substance that inhibits the rate of
transcription of the B3 gene; (2) if the presence of the
compound increases the abundance of the reporter
protein, then the compound is a substance that
enhances the rate of transcription of the 3 gene.

[0219] In particular embodiments, the method further
comprises a control in which the effect of the compound on
the abundance of the reporter protein in control cells is
measured, where the control cells are cells that are essen-
tially the same as the cells of step (b) except that the control
cells have been transfected with a vector that lacks frag-
ments of the promoter region of the f3 gene.

[0220] While the above-described methods are explicitly
directed to testing whether “a” substance is an activator or
inhibitor of the transcription the 3 gene or the function of
calcium sensitive potassium channels containing human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins, it will be clear to one skilled in the art
that such methods can be adapted to test collections of
substances, €.g., combinatorial libraries, to determine
whether any members of such collections are activators or
inhibitors of calcium sensitive potassium channels contain-
ing human calcium sensitive potassium channel p2, p3a,
[3b, B3c, or f3d subunit proteins. Accordingly, the use of
collections of substances, or individual members of such
collections, as the substance in the above-described methods
is within the scope of the present invention. In particular, it
is envisioned that libraries that have been designed to
incorporate chemical structures that are known to be asso-
ciated with potassium ion channel modulation, e.g., dihy-
drobenzopyran libraries for potassium channel activators
(International Patent Publication WO 95/30642) or biphe-
nyl-derivative libraries for potassium channel inhibitors
(International Patent Publication WO 95/04277) will be
especially suitable.

[0221] The present invention includes pharmaceutical
compositions comprising activators or inhibitors of human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins that have been identified by the herein-
described methods as well as activators or inhibitors of 3
gene transcription. The activators or inhibitors are generally
combined with pharmaceutically acceptable carriers to form
pharmaceutical compositions. Examples of such carriers and
methods of formulation of pharmaceutical compositions
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containing activators or inhibitors and carriers can be found
in Remington’s Pharmaceutical Sciences. To form a phar-
maceutically acceptable composition suitable for effective
administration, such compositions will contain a therapeu-
tically effective amount of the activators or inhibitors.

[0222] Therapeutic or prophylactic compositions are
administered to an individual in amounts sufficient to treat or
prevent conditions where human calcium sensitive potas-
sium channel B2, p3a, p3b, 3¢, or f3d subunit protein
activity is abnormal. The effective amount can vary accord-
ing to a variety of factors such as the individual’s condition,
weight, gender, and age. Other factors include the mode of
administration. The appropriate amount can be determined
by askilled physician. Generally, an effective amount will be
from about 0.01 to about 1,000, preferably from about 0.1 to
about 250 and even more preferably from about 1 to about
50 mg per adult human per day.

[0223] Compositions can be used alone at appropriate
dosages. Alternatively, co-administration or sequential
administration of other agents can be desirable.

[0224] The compositions can be administered in a wide
variety of therapeutic dosage forms in conventional vehicles
for administration. For example, the compositions can be
administered in such oral dosage forms as tablets, capsules
(each including timed release and sustained release formu-
lations), pills, powders, granules, elixirs, tinctures, solutions,
suspensions, syrups and emulsions, or by injection. Like-
wise, they can also be administered in intravenous (both
bolus and infusion), intraperitoneal, subcutaneous, topical
with or without occlusion, or intramuscular form, all using
forms well known to those of ordinary skill in the pharma-
ceutical arts.

[0225] Compositions can be administered in a single daily
dose, or the total daily dosage can be administered in divided
doses of two, three, four or more times daily. Furthermore,
compositions can be administered in intranasal form via
topical use of suitable intranasal vehicles, or via transdermal
routes, using those forms of transdermal skin patches well
known to those of ordinary skill in that art. To be adminis-
tered in the form of a transdermal delivery system, the
dosage administration will, of course, be continuous rather
than intermittent throughout the dosage regimen.

[0226] The dosage regimen utilizing the compositions is
selected in accordance with a variety of factors including
type, species, age, weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route
of administration; the renal, hepatic and cardiovascular
function of the patient; and the particular composition
thereof employed. A physician of ordinary skill can readily
determine and prescribe the effective amount of the com-
position required to prevent, counter or arrest the progress of
the condition. Optimal precision in achieving concentrations
of composition within the range that yields efficacy without
toxicity requires a regimen based on the kinetics of the
composition’s availability to target sites. This involves a
consideration of the distribution, equilibrium, and elimina-
tion of a composition.

[0227] The inhibitors and activators of calcium sensitive
potassium channels containing human calcium sensitive
potassium channel 2, f3a, p3b, p3c, or f3d subunit pro-
teins, or inhibitors and activators of 3 subunit transcription
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will be useful for treating a variety of diseases involving
excessive or insufficient calcium sensitive potassium chan-
nel activity. Accordingly, the present invention includes a
method of treating asthma, diabetes, glaucoma, pregnant
human myometrium, cerebral ischemia, and conditions
where stimulation of neurotransmitter release is desired such
as Alzheimer’s disease and stimulation of damaged nerves
by administering to a patient a therapeutically effective
amount of a substance that is an activator or an inhibitor of
a calcium sensitive potassium channel containing a human
calcium sensitive potassium channel 2, f3a, $3b, f3c, or
[3d subunit protein, or an activator or an inhibitor of p3
subunit transcription.

[0228] The modulators of channel function or transcrip-
tion activity of the present invention are also expected to be
useful in conditions where currently marketed inhibitors of
potassium channels such as glyburide, glipizide, and tolb-
utamide are useful, e.g., as antidiabetic agents. Calcium
sensitive potassium channels contribute to the repolariza-
tion, and thus the de-excitation, of neurons. Thus, inhibitors
of calcium sensitive potassium channels are expected to act
as agents that tend to keep neurons in a depolarized, excited
state. Many diseases, such as depression and memory dis-
orders are thought to result from the impairment of neu-
rotransmitter release. As agents that contribute to neuronal
excitability, the inhibitors of the present invention are
expected to useful in the treatment of such diseases since
they will contribute to neuronal excitation and thus stimulate
the release of neurotransmitters.

[0229] The activators of the present invention should be
useful in conditions where it is desirable to decrease neu-
ronal activity. Such conditions include, e.g., excessive
smooth muscle tone, angina, asthma, hypertension, inconti-
nence, pre-term labor, migraine, cerebral ischemia, and
Irritable Bowel Syndrome.

[0230] The calcium sensitive potassium channel subunits
of the present invention are useful in conjunction with
screens designed to identify activators and inhibitors of
other ion channels. When screening compounds in order to
identify potential pharmaceuticals that specifically interact
with a target ion channel, it is necessary to ensure that the
compounds identified are as specific as possible for the
target ion channel. To do this, it is necessary to screen the
compounds against as wide an array as possible of ion
channels that are similar to the target ion channel. Thus, in
order to find compounds that are potential pharmaceuticals
that interact with ion channel A, it is not enough to ensure
that the compounds interact with ion channel A (the “plus
target”) and produce the desired pharmacological effect
through ion channel A. It is also necessary to determine that
the compounds do not interact with ion channels B, C, D,
etc. (the “minus targets”). In general, as part of a screening
program, it is important to have as many minus targets as
possible (see Hodgson, 1992, Bio/Technology 10:973-980,
at 980). Human calcium sensitive potassium channel {32,
(3a, p3b, P3c, or B3d subunit proteins, DNA encoding
human calcium sensitive potassium channel 2, f3a, f3b,
[3c, or p3d subunit proteins, and recombinant cells that have
been engineered to express human calcium sensitive potas-
sium channel (2, f3a, f3b, f3c, or f3d subunit proteins
have utility in that they can be used as “minus targets” in
screens designed to identify compounds that specifically
interact with other ion channels. For example, Wang et al.,
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1998, Science 282:1890-1893 have shown that KCNQ2 and
KCNQ3 form a heteromeric potassium ion channel know as
the “M-channel.” The M-channel is an important target for
drug discovery since mutations in KCNQ2 and KCNQ3 are
responsible for causing epilepsy (Biervert et al., 1998,
Science 279:403406; Singh et al., 1998, Nature Genet.
18:25-29; Schroeder et al., Nature 1998, 396:687-690). A
screening program designed to identify activators or inhibi-
tors of the M-channel would benefit greatly by the use of
potassium channels comprising human calcium sensitive
potassium channel 2, f3a, p3b, p3c, or f3d subunit pro-
teins as minus targets.

[0231] The present invention also includes antibodies to
the human calcium sensitive potassium channel B2, f3a,
B3b, B3c, or f3d subunit proteins. Such antibodies may be
polyclonal antibodies or monoclonal antibodies. The anti-
bodies of the present invention can be raised against the
entire human calcium sensitive potassium channel 2, 3a,
B3b, B3c, or B3d subunit proteins or against suitable anti-
genic fragments of the subunit proteins that are coupled to
suitable carriers, e.g., serum albumin or keyhole limpet
hemocyanin, by methods well known in the art. Methods of
identifying suitable antigenic fragments of a protein are
known in the art. See, e.g., Hopp & Woods, 1981, Proc. Natl.
Acad. Sci. USA 78:3824-3828; and Jameson & Wolf, 1988,
CABIOS (Computer Applications in the Biosciences) 4:181-
186.

[0232] For the production of polyclonal antibodies, human
calcium sensitive potassium channel p2, f3a, f3b, f3c, or
B3d subunit proteins or antigenic fragments, coupled to a
suitable carrier, are injected on a periodic basis into an
appropriate non-human host animal such as, e.g., rabbits,
sheep, goats, rats, mice or chickens. The animals are bled
periodically (or eggs collected) and sera obtained are tested
for the presence of antibodies to the injected subunit or
antigen. The injections can be intramuscular, intraperitoneal,
subcutaneous, and the like, and can be accompanied with
adjuvant.

[0233] For the production of monoclonal antibodies,
human calcium sensitive potassium channel (2, f3a, p3b,
B3c, or f3d subunit proteins or antigenic fragments, coupled
to a suitable carrier, are injected into an appropriate non-
human host animal as above for the production of polyclonal
antibodies. In the case of monoclonal antibodies, the animal
is generally a mouse. The animal’s spleen cells are then
immortalized, often by fusion with a myeloma cell, as
described in Kohler & Milstein, 1975, Nature 256:495-497.
For a fuller description of the production of monoclonal
antibodies, see Antibodies: A Laboratory Manual, Harlow &
Lane, eds., Cold Spring Harbor Laboratory Press, 1988.

[0234] Gene therapy may be used to introduce human
calcium sensitive potassium channel p2, f3a, f3b, p3c, or
3d subunit proteins into the cells of target organs. Nucle-
otides encoding human calcium sensitive potassium channel
B2, p3a, p3b, B3c, or p3d subunit proteins can be ligated into
viral vectors which mediate transfer of the nucleotides by
infection of recipient cells. Suitable viral vectors include
retrovirus, adenovirus, adeno-associated virus, herpes virus,
vaccinia virus, lentivirus, and polio virus based vectors.
Alternatively, nucleotides encoding human calcium sensi-
tive potassium channel 2, f3a, p3b, f3c, or $3d subunit
proteins can be transferred into cells for gene therapy by
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non-viral techniques including receptor-mediated targeted
transfer using ligand-nucleotide conjugates, lipofection,
membrane fusion, or direct microinjection. These proce-
dures and variations thereof are suitable for ex vivo as well
as in vivo gene therapy. Gene therapy with human calcium
sensitive potassium channel B2, f3a, p3b, f3c, or f3d
subunit proteins will be particularly useful for the treatment
of diseases where it is beneficial to elevate calcium sensitive
potassium channel activity. cDNAs encoding mutant cal-
cium sensitive potassium channel subunits, that display a
dominant negative phenotype, may be particularly useful for
gene therapy treatment of discases where it is beneficial to
decrease calcium sensitive potassium channel activity.

[0235] The present invention includes processes for clon-
ing orthologues of human calcium sensitive potassium chan-
nel B2, f3a, B3b, p3c, or P3d subunits from non-human
species. In general, such processes include preparing a PCR
primer or a hybridization probe based upon SEQ. ID. NO.:1,
3,5,7,9, or 20 that can be used to amplify a fragment
containing the non-human calcium sensitive potassium
channel p2, f3a, p3b, p3c, or f3d subunit (in the case of
PCR) from a suitable DNA preparation or to select a cDNA
or genomic clone containing the non-human calcium sensi-
tive potassium channel 2, pf3a, 3b, f3c, or f3d subunit
from a suitable library. A preferred embodiment of this
process is a process for cloning the calcium sensitive potas-
sium channel 2, B3a, f3b, fi3c¢, or f3d subunit from mouse.

[0236] By providing DNA encoding mouse calcium sen-
sitive potassium channel p2, f3a, f3b, f3c, or f3d subunits,
the present invention allows for the generation of an animal
model of human diseases in which calcium sensitive potas-
sium channel 32, f3a, p3b, p3c, or f3d subunit activity is
abnormal. Such animal models can be generated by making
transgenic “knockout” or “knockin” mice containing altered
calcium sensitive potassium channel f2, §3a, f3b, f3c, or
(3d subunit genes. Knockout mice can be generated in
which portions of the mouse calcium sensitive potassium
channel p2, f3a, p3b, pf3c, or p3d subunit gene have been
deleted. Knockin mice can be gencrated in which mutations
that have been shown to lead to human disease are intro-
duced into the mouse gene. Such knockout and knockin
mice will be valuable tools in the study of the relationship
between calcium sensitive potassium channels and disease
and will provide important model systems in which to test
potential pharmaceuticals or treatments for human diseases
involving calcium sensitive potassium channels.

[0237] Accordingly, the present invention includes a
method of producing a transgenic mouse comprising:

[0238] (a) designing PCR primers or an oligonucle-
otide probe based upon SEQ.ID.NO.:1,3,5,7,9 or
20 for use in cloning the mouse calcium sensitive
potassium channel $2, f3a, p3b, f3c, or f3d subunit
gene or cDNA;

[0239] (b) using the PCR primers or the oligonucle-
otide probe to clone at least a portion of the mouse
calcium sensitive potassium channel 2, f3a, p3b,
[3c, or f3d subunit gene or cDNA, the portion being
large enough to use in making a transgenic mouse;

[0240] (c) producing a transgenic mouse having at
least one copy of the mouse calcium sensitive potas-
sium channel (2, f3a, f3b, f3c, or f3d subunit gene
altered from its native state.
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[0241] Methods of producing knockout and knockin mice
are well known in the art. One method involves the use of
gene-targeted ES cells in the generation of gene-targeted
transgenic knockout mice and is described in, e.g., Thomas
et al., 1987, Cell 51:503-512, and is reviewed elsewhere
(Frohman et al., 1989, Cell 56:145-147; Capecchi, 1989,
Trends in Genet. 5:70-76; Baribault et al., 1989, Mol. Biol.
Med. 6:481-492).

[0242] Techniques are available to inactivate or alter any
genetic region to virtually any mutation desired by using
targeted homologous recombination to insert specific
changes into chromosomal genes. Generally, use is made of
a “targeting vector,” i.e., a plasmid containing part of the
genetic region it is desired to mutate. By virtue of the
homology between this part of the genetic region on the
plasmid and the corresponding genetic region on the chro-
mosome, homologous recombination can be used to insert
the plasmid into the genetic region, thus disrupting the
genetic region. Usually, the targeting vector contains a
selectable marker gene as well.

[0243] In comparison with homologous extrachromo-
somal recombination, which occurs at frequencies approach-
ing 100%, homologous plasmid-chromosome recombina-
tion was originally reported to only be detected at
frequencies between 107 and 1072 (Lin et al., 1985, Proc.
Natl. Acad. Sci. USA 82:1391-1395; Smithies et al., 1985,
Nature 317: 230-234; Thomas et al., 1986, Cell 44:419428).
Nonhomologous plasmid-chromosome interactions are
more frequent, occurring at levels 10°-fold (Lin et al., 1985,
Proc. Natl. Acad. Sci. USA 82:1391-1395) to 10°-fold
(Thomas et al., 1986, Cell 44:419-428) greater than com-
parable homologous insertion.

[0244] To overcome this low proportion of targeted
recombination in murine ES cells, various strategies have
been developed to detect or select rare homologous recom-
binants. One approach for detecting homologous alteration
events uses the polymerase chain reaction (PCR) to screen
pools of transformant cells for homologous insertion, fol-
lowed by screening individual clones (Kim et al., 1988,
Nucleic Acids Res. 16:8887-8903; Kim et al., 1991, Gene
103:227-233). Alternatively, a positive genetic selection
approach has been developed in which a marker gene is
constructed which will only be active if homologous inser-
tion occurs, allowing these recombinants to be selected
directly (Sedivy et al., 1989, Proc. Natl. Acad. Sci. USA
86:227-231). One of the most powerful approaches devel-
oped for selecting homologous recombinants is the positive-
negative selection (PNS) method developed for genes for
which no direct selection of the alteration exists (Mansour et
al,, 1988, Nature 336:348-352; Capecchi, 1989, Science
244:1288-1292; Capecchi, 1989, Trends in Genet. 5:70-76).
The PNS method is more efficient for targeting genes which
are not expressed at high levels because the marker gene has
its own promoter. Nonhomologous recombinants are
selected against by using the Herpes Simplex virus thymi-
dine kinase (HSV-TK) gene and selecting against its non-
homologous insertion with herpes drugs such as gancyclovir
(GANC) or FHAU (1-(2-deoxy 2-fluoro-B-D-arabinoflura-
nosyl)-5-iodouracil). By this counter-selection, the percent-
age of homologous recombinants in the surviving transfor-
mants can be increased.
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[0245] Other methods of producing transgenic mice
involve microinjecting the male pronuclei of fertilized eggs.
Such methods are well known in the art.

[0246] The present invention includes a transgenic, non-
human animal in which the animal’s genome contains DNA
encoding at least a portion of a human calcium sensitive
potassium channel 32, f3a, f3b, f3c, or f3d subunit.

[0247] The following non-limiting examples are presented
to better illustrate the invention.

EXAMPLE 1

[0248] Identification of the Human Calcium Sensitive
Potassium Channel (32, $3a, f3b, f3c, or f3d Subunits and
c¢DNA Cloning

[0249] DNA sequence encoding the $1 subunit was used
to search the GenBank database for homologous sequences
encoding novel subunits. This search yielded an EST with
similarity to f1 (AA904191). A cDNA encoding the EST
was purchased (Genome Systems) and sequenced in both
directions. Synthetic oligonucleotide primers (SEQ. ID.
NOs.:12 and 13) were used to amplify the coding region and
a small portion of the 3' untranslated region (UTR) of this
gene ($2). The coding region was then subcloned into a
modified vector (pSP64T) containing an expanded
polylinker between the 5' and 3' translation enhancer
sequences (MVpl(+)).

[0250] The sequence of B2 was then used to search the
GenBank database for additional novel beta subunits. The
sequences from identified EST’s were then used to search
the database again. Several EST’s were obtained in this
iterative approach: AA195381, AA236930, AA236968,
AA279911, AAT61761, AA934876, AA195511, AA917510.
The alignment of these sequences suggested they encoded
the C-terminal portion of a novel [} subunit, here designated
(3. Available cDNAs encoding these ESTs were purchased
(Genome Systems) and sequenced in both directions. None
of these clones encoded full length protein based on the lack
of 5" in-frame stop codons and amino acid alignments only
to the middle of the first transmembrane segments of p1 and

B2.

[0251] Unique and conserved portions of the individual
subunits were used separately to search the databases for
genomic sequences encoding these transcripts. A single 180
kilobase fragment of unidentified genomic sequence was
identified using f3a, f3b and P3¢ specific fragments (Gen-
Bank accession number AC007823, version 2). Later ver-
sions of this entry contained a 40.4 kilobase contiguous
fragment that contained all three specific fragments in the
following order f3a, $3b and p3c. B3c is contiguous with
the 5' end of the core sequence. See FIG. 8.

[0252] A synthetic oligo, 5'-TTT ACA TTG TTA GTT
TGC AGA CAG G-3' (SEQ.ID. NO.:19), annealing 3' of the
[3 stop codon was used in a 5' RACE reaction as described
in Clontech’s Marathon Ready Spleen cDNA kit (catalog #
7412-1). This reaction yielded multiple products of varying
sizes. Several fragments separated by electrophoresis were
extracted from gel slices and cloned. Three distinct subunits
were identified (3a, 3b and $3c) in this manner.

[0253] To ensure novel subunits were not overlooked, the
unfractionated product of the PCR amplification reaction
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was cloned directly into a TA cloning vector (pCR2.1,
Invitrogen), without any attempt to isolate specific frag-
ments. Colonies were then screened using a probe derived
from EST AA761761 by the ‘colony filter hybridization
protocol’ as described in Current Protocols in Molecular
Biology, sections 6.1.1 and 6.3.1. DNA was prepared from
hybridizing colonies. cDNAs with restriction digest patterns
distinct from the original clones were sequenced in both
directions. The open reading frames were determined and
amplified using synthetic oligonucleotide primers (SEQ. ID.
NOs.:14 through 18), and subcloned into MVpl(+). One
additional unique subunit was identified: f3d.

EXAMPLE 2

[0254] Analysis of Expression of Human Calcium Sensi-
tive Potassium Channel 2, f3a, $3b, p3c, or p3d Subunits

[0255] Northern blot analysis: Northern blots containing
poly(A+)-RNA from human heart, brain, placenta, lung,
liver, skeletal muscle, kidney, pancreas, spleen, thymus,
prostate, testes, ovary, small intestine, colon, and peripheral
blood leukocytes were purchased from Clontech, Palo Alto,
Calif. The blots were probed with **P-labeled, randomly
primed cDNA probes from 2 (nucleotides 268 to 1080 of
SEQ. ID. NO.:1), f3a (nucleotides 70 to 384 of SEQ. ID.
NO.:3), B3b (nucleotides 463 to 797 of SEQ. ID. NO.:5),
and p3c/d (nucleotides 311 to 912 of SEQ. ID. NO.:7). The
hybridization was carried out in 5xSSPE, 10x Denhardts
solution, 50% Formamide, 2% SDS, 100 ug/mil salmon
sperm DNA at 42° C. overnight. The washes were carried
out stepwise in 2xSSC, 0.05% SDS at 42° C. for 40 minutes,
followed by 1xSSC, 0.05% SDS at 50° C. for 40 minutes.
High stringency washes were carried out at 0.1 SSC, 0.05%
SDS at 65° C. for 40 minutes. Hybridization was detected
either by exposure of the washed blots to X-ray film or by
electronic detection using a phosphorimager.

[0256] Electrophysiological analysis: cRNAs were syn-
thesized in vitro from plasmids encoding human Slowpoke
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a or the 2, B3a, p3b, f3c, or f3d subunits and injected into
Xenopus oocytes (1.5 ng/oocyte of o subunit RNA+/-p
subunit RNA at 1, 5, or 10x molar excess). Calcium sensi-
tive potassium currents were recorded in inside-out patches.
Recordings were performed under ionic conditions of sym-
metrical potassium. The standard pipette and bath solutions
contained 116 mM potassium gluconate, 4 mM potassium
chloride, 10 mM HEPES, pH 7.2. CaCl, was added to the
bath solution to give final concentrations of free ionized
calcium of 3-30 uM, taking into account the stability con-
stant for calcium gluconate (15.9 M™). Currents were
recorded using an EPC-7 amplifier (HEKA). The pClamp6.0
program (Axon Instruments) was used to generate voltage-
clamp commands for data acquisition, and for analysis.
NP_-voltage relations were determined at 3, 10 and 30 uM
bath calcium using two methods: (1) calculation of macro-
scopic conductance from peak or steady-state currents at test
potentials (-80 to 80 mV), or (2) measurement or calculation
of tail currents peaks (-80 mV) at test potentials. Boltzmann
functions were fit to the data and used to derive the half-
maximal activation parameter (V). Maximal inactivation
parameters (30 uM Ca** and 80 mV) were calculated from
current traces or averaged current traces. Inactivation rates
were determined from single exponential fits. Fractional
non-inactivating current was calculated as steady-state/peak
current; fractional inactivating current was estimated as peak
current minus steady-state current divided by peak current.

[0257] The present invention is not to be limited in scope
by the specific embodiments described herein. Indeed, vari-
ous modifications of the invention in addition to those
described herein will become apparent to those skilled in the
art from the foregoing description. Such modifications are
intended to fall within the scope of the appended claims.

[0258] Various publications are cited herein, the disclo-
sures of which are incorporated by reference in their entire-
ties.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1
<211> LENGTH: 1184
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 1

cttaatccta tccaagtatg cagtacgete ttgggtegtc tcatgagacc caggggcatg 60

ttggaaagaa ctgagagaaa gagcaacaaa gcggcgagtg gtgtgagagg gcagcacgceg 120

ctgtggggec cttccagaga aatgtactga aaaagtctac gcaatgtctg ggatttgcta 180

aacaatacct ggaaagcaga caggtttttt tgccattcct ccaggacatc caccataagg 240

aaaggagacc ctggaccaac attctctaag atgtttatat ggaccagtgg ccggacctct 300

tcatcttata gacatgatga aaaaagaaat atttaccaga aaatcaggga ccatgacctc 360

ctggacaaaa ggaaaacagt cacagcactg aaggcaggag aggaccgagc tattctcctg 420

ggactggcta tgatggtgtg ctccatcatg atgtattttc tgctgggaat cacactcctg 480
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-continued

cgotcataca tgcagagegt gtggaccgaa gagtctcaat gcaccttget gaatgegtcece 540
atcacggaaa catttaactg cteccttcage tgtggtccag actgectggaa actttetcag 600
tacccctgee tccaggtgta cgttaacctg acttcttceg gggaaaagct cctcectctac 660
cacacagaag agacaataaa aatcaatcag aagtgctcct atatacctaa atgtggaaaa 720
aattttgaag aatccatgtc cctggtgaat gttgtcatgg aaaacttcag gaagtatcaa 780
cacttectecet getattectga cccagaagga aaccagaaga gtgttatcct aaccaaactce 840
tacagttcca acgtgetgtt ccattcacte ttetggeccaa cetgtatgat ggetgggggt 900
gtggcaattg ttgccatggt gaaacttaca cagtacctct ccctactatg tgagaggatc 960
caacggatca atagataaat gcaaaaatgg ataaaataat ttttgttaaa gctcaaatac 1020
tgttttcttt cattcttcac caaagaacct taagtttgta acgtgcagtc tgttatgagt 1080
tccoctaatat attcttatat gtagagecaat aatqgcaaaag ctgttctata tgcaaacatg 1140
atgtetttat tattcaggag aataaataac tgttttgtgt tgaa 1184
<210> SEQ ID NO 2

<211> LENGTH: 235

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 2

Met Phe Ile Trp Thr Ser Gly Arg Thr Ser Ser Ser Tyr Arg His Asp
1 5 10 15

Glu Lys Arg Asn Ile Tyr Gln Lys Ile Arg Asp His Asp Leu Leu Asp
20 25 30

Lys Arg Lys Thr Val Thr Ala Leu Lys Ala Gly Glu Asp Arg Ala Ile
35 40 45

Leu Leu Gly Leu Ala Met Met Val Cys Ser Ile Met Met Tyr Phe Leu
50 55 60

Leu Gly Ile Thr Leu Leu Arg Ser Tyr Met Gln Ser Val Trp Thr Glu
65 70 75 80

Glu Ser Gln Cys Thr Leu Leu Asn Ala Ser Ile Thr Glu Thr Phe Asn
85 90 95

Cys Ser Phe Ser Cys Gly Pro Asp Cys Trp Lys Leu Ser Gln Tyr Pro
100 105 110

Cys Leu Gln Val Tyr Val Asn Leu Thr Ser Ser Gly Glu Lys Leu Leu
115 120 125

Leu Tyr His Thr Glu Glu Thr Ile Lys Ile Asn Gln Lys Cys Ser Tyr
130 135 140

Ile Pro Lys Cys Gly Lys Asn Phe Glu Glu Ser Met Ser Leu Val Asn
145 150 155 160

Val Val Met Glu Asn Phe Arg Lys Tyr Gln His Phe Ser Cys Tyr Ser
165 170 175

Asp Pro Glu Gly Asn Gln Lys Ser Val Ile Leu Thr Lys Leu Tyr Ser
180 185 190

Ser Asn Val Leu Phe His Ser Leu Phe Trp Pro Thr Cys Met Met Ala
195 200 205

Gly Gly Val Ala Ile Val Ala Met Val Lys Leu Thr Gln Tyr Leu Ser
210 215 220

Leu Leu Cys Glu Arg Ile Gln Arg Ile Asn Arg
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-continued
225 230 235
<210> SEQ ID NO 3
<211> LENGTH: 1237
<212> TYPE: DNA
<213> ORGANISM: Human
<400> SEQUENCE: 3
gctcececgget geccgaggegg aaacacaggt gatgaggtgg cggcaagcac agtgcaaaga 60
gagagaagca gcttcggetg cagcaaacca cgcaggtcet tcttgatcat ctagaactga 120
ccgetecgee ttgccaggag tetgecagaac cacgtggetg gectgectga agttetcace 180
tctctaggaa ggcgggggge ttctaatgge tgcagetgeg ctgggggetg ggggcteccg 240
ctgggactcc acttccgtgg atgtctaage ttcacctttc ttgcgcccge aggggcatga 300
ctcaggtgaa agggagccat tttctcagac ccctggectce atgcagccct tcagcatccce 360
cgtgcaaatc acacttcagg gcagccggag gecgecagggg aggacagcect ttecetgecte 420
agggaagaag agagagacag actacagtga tggagaccca ctagatgtgc acaagaggct 480
gccatccagt actggagagg accgagccgt gatgctgggg tttgccatga tgggcttcetce 540
agtcctaatg ttcttcttge tcggaacaac cattctaaag ccttttatgec tcagcattca 600
gagagaagaa tcgacctgca ctgccatcca cacagatatc atggacgact ggctggactg 660
tgccttcace tgtggtgtge actgeccacgg tcaggggaag tacccgtgte ttcaggtgtt 720
tgtgaaccte agcecatccag gtcagaaage tctectacat tataatgaag aggetgtceca 780
gataaatccce aagtgctttt acacacctaa gtgccaccaa gatagaagtg atttgctcaa 840
cagtgctctg gacataaaag aattcttcga tcacaaaaat ggaaccccct tttcatgett 900
ctacagtcca gccagccaat ctgaagatgt cattcttata aaaaagtatg accaaatggce 960
tatcttccac tgtttatttt ggeecttcact gactctgeta ggtggtgece tgattgttgg 1020
catggtgaga ttaacacaac acctgtcett actgtgtgaa aaatatagea ctgtagtcag 1080
agatgaggta ggtggaaaag taccttatat agaacagcat cagttcaaac tgtgcattat 1140
gaggaggagc aaaggaagag cagagaaatc ttaagacggt ggccaaatta aagtgctggce 1200
cttcagatgt ctgtgatttc tgcaactcga gtatgceg 1237
<210> SEQ ID NO 4
<211> LENGTH: 277
<212> TYPE: PRT
<213> ORGANISM: Homo Sapiens
<400> SEQUENCE: 4
Met Gln Pro Phe Ser Ile Pro Val Gln Ile Thr Leu Gln Gly Ser Arg
1 5 10 15
Arg Arg Gln Gly Arg Thr Ala Phe Pro Ala Ser Gly Lys Lys Arg Glu
20 25 30
Thr Asp Tyr Ser Asp Gly Asp Pro Leu Asp Val His Lys Arg Leu Pro
35 40 45
Ser Ser Thr Gly Glu Asp Arg Ala Val Met Leu Gly Phe Ala Met Met
50 55 60
Gly Phe Ser Val Leu Met Phe Phe Leu Leu Gly Thr Thr Ile Leu Lys
65 70 75 80
Pro Phe Met Leu Ser Ile Gln Arg Glu Glu Ser Thr Cys Thr Ala Ile
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85 90 95

His Thr Asp Ile Met Asp Asp Trp Leu Asp Cys Ala Phe Thr Cys Gly
100 105 110

Val His Cys His Gly Gln Gly Lys Tyr Pro Cys Leu Gln Val Phe Val
115 120 125

Asn Leu Ser His Pro Gly Gln Lys Ala Leu Leu His Tyr Asn Glu Glu
130 135 140

Ala Val Gln Ile Asn Pro Lys Cys Phe Tyr Thr Pro Lys Cys His Gln
145 150 155 160

Asp Arg Ser Asp Leu Leu Asn Ser Ala Leu Asp Ile Lys Glu Phe Phe
165 170 175

Asp His Lys Asn Gly Thr Pro Phe Ser Cys Phe Tyr Ser Pro Ala Ser
180 185 190

Gln Ser Glu Asp Val Ile Leu Ile Lys Lys Tyr Asp Gln Met Ala Ile
195 200 205

Phe His Cys Leu Phe Trp Pro Ser Leu Thr Leu Leu Gly Gly Ala Leu
210 215 220

Ile Val Gly Met Val Arg Leu Thr Gln His Leu Ser Leu Leu Cys Glu
225 230 235 240

Lys Tyr Ser Thr Val Val Arg Asp Glu Val Gly Gly Lys Val Pro Tyr
245 250 255

Ile Glu Gln His Gln Phe Lys Leu Cys Ile Met Arg Arg Ser Lys Gly
260 265 270

Arg Ala Glu Lys Ser
275

<210> SEQ ID NO 5

<211> LENGTH: 1632

<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 5

aagagaaaga acaajgaaaaa gaaaaagaag aggaaaaaat ccccagtacc catagaaacc 60
cttaaagatg tttaaaaaga gttaacttat cagaacacag atttaagtga aattaaggaa 120
gaagagcagg taaagtctac tgacagaaag tcagcagtgg aagcccaaaa cgaggtgact 180
gaaaatccaa aacagaaaat tgcagcagaa agcagtgaaa atgctgattg tccagagaat 240
cctaaaatga agttggatgg aaaacttgac caagaaggca atgatgtaaa aacagcagct 300
gaggaggtac tagctggtag agacacatta gattttgagg atgtcacagt tcaatcatca 360
ggcccgaggg ctggtggtga agaattagat gaaggtgttg caaaagataa tgctaaaata 420
gctggtgcca cttaaagcaa tcctgaagaa ccagagagtg aagatgcaga tcactgcacc 480
gtacccaaaa atgaaagtcc ctcacaggac attagtgatg cctgtgaagc agaaagtaca 540
gagaggtgeg ggatgtcaga acatccaagt cagaccatca ggaaagettt agacagcaat 600
agcctaaaaa accatgactt gttggcacca ggaggagagc cgggggactt caatccagaa 660
agcagagaag ataccagagg agggaacgag aagggcaaaa gcaaagaaga ccgtaccatg 720
tcctaagetg aggcaggcgg caggcgtggt gcacaggaag tctgagtgtg aggggctctt 780
ttcteteccac tgeccaatgac ageetttect gectcaggga agaagagaga gacagactac 840

agtgatggag acccactaga tgtgcacaag aggetgecat ccagtactgg agaggaccga 900
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gccgtgatge tggggtttge catgatggge ttctcagtce taatgttctt cttgectcgga 960
acaaccattc taaagccttt tatgctcage attcagagag aagaatcgac ctgecactgec 1020
atccacacag atatcatgga cgactggectg gactgtgcocet tcacctgtgg tgtgcactge 1080
cacggtcagg ggaagtacce gtgtcttcag gtgtttgtga acctcageca tccaggteag 1140
aaagctctcc tacattataa tgaagaggct gtccagataa atcccaagtg cttttacaca 1200
cctaagtgce accaagatag aaatgatttg ctcaacagtg ctctggacat aaaagaattc 1260
ttcgatcaca aaaatggaac cccecttttca tgcttctaca gtccagecag ccaatctgaa 1320
gatgtcatte ttataaaaaa gtatgaccaa atggetatet tecactgttt attttggeet 1380
tcactgacte tgctaggtgg tgccctgatt gttggcatgg tgagattaac acaacacctg 1440
tocttactgt gtgaaaaata tagcactgta gtcagagatg aggtaggtgg aaaagtacct 1500
tatatagaac agcatcagtt caaactgtgc attatgagga ggagcaaagg aagagcagag 1560
aaatcttaag acggtggcca aattaaagtg ctggeccttca gatgtcotgtg atttetgeaa 1620
ctcgagtatg cg 1632
<210> SEQ ID NO 6

<211> LENGTH: 257

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 6

Met Thr Ala Phe Pro Ala Ser Gly Lys Lys Arg Glu Thr Asp Tyr Ser
1 5 10 15

Asp Gly Asp Pro Leu Asp Val His Lys Arg Leu Pro Ser Ser Thr Gly
20 25 30

Glu Asp Arg Ala Val Met Leu Gly Phe Ala Met Met Gly Phe Ser Val
35 40 45

Leu Met Phe Phe Leu Leu Gly Thr Thr Ile Leu Lys Pro Phe Met Leu
50 55 60

Ser Ile Gln Arg Glu Glu Ser Thr Cys Thr Ala Ile His Thr Asp Ile
65 70 75 80

Met Asp Asp Trp Leu Asp Cys Ala Phe Thr Cys Gly Val His Cys His
85 90 95

Gly Gln Gly Lys Tyr Pro Cys Leu Gln Val Phe Val Asn Leu Ser His
100 105 110

Pro Gly Gln Lys Ala Leu Leu His Tyr Asn Glu Glu Ala Val Gln Ile
115 120 125

Asn Pro Lys Cys Phe Tyr Thr Pro Lys Cys His Gln Asp Arg Asn Asp
130 135 140

Leu Leu Asn Ser Ala Leu Asp Ile Lys Glu Phe Phe Asp His Lys Asn
145 150 155 160

Gly Thr Pro Phe Ser Cys Phe Tyr Ser Pro Ala Ser Gln Ser Glu Asp
165 170 175

val Ile Leu Ile Lys Lys Tyr Asp Gln Met Ala Ile Phe His Cys Leu
180 185 190

Phe Trp Pro Ser Leu Thr Leu Leu Gly Gly Ala Leu Ile Val Gly Met
195 200 205

Val Arg Leu Thr Gln His Leu Ser Leu Leu Cys Glu Lys Tyr Ser Thr
210 215 220
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vVal Val Arg Asp Glu Val Gly Gly Lys Val Pro Tyr Ile Glu Gln His
225 230 235 240

Gln Phe Lys Leu Cys Ile Met Arg Arg Ser Lys Gly Arg Ala Glu Lys
245 250 255

Ser

<210> SEQ ID NO 7

<211> LENGTH: 1759

<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 7

cccagctact cgggaggctg aggcaggaga atcgcttgaa cctgggaggc ggaggaggtt
gcagtgaact gagatcgtac ccagcctggg caacagtgcg aggctccgtc tcaaaaaaaa
accaaaaaac acaaaaacaa aaaacgacag agaaggccaa acaaaacaca tctgtgggcet
ggatgccgece atgcccaccg gtttgegace tttgtgttgg actettetgt tcaccagaca
ccctgeccetg cgagaatgta tctcatcctt tgctggagca ggtttgcagg cacagtggag
agaggagaga agaaatgaag ggacacttat gcagaaccat gagtggccag agaggaggag
aaggagggtg agaggagcaa agaagccatg acaacttcat aattctgagt ggactgggca
gtggccagaa attctggtgg tggatatgct gcctttccaa caggtgaata tgaaagaata
agtcaaaccce tgttcaggac gctgttaatt ccaaatgtga actttttgag tcattctttt
catgtggaat tcaaaggaga atgtaaacaa attttcagga gggacgtgeca atatccetga
aagataacag agttcgtaac acttatttac atacaacatt ctctagttat tgattaaaca
gatctctaca gacttgcatg aggcaacatt tcttaggctt gtttgctaca atatctttaa
aaatacttga ttacacatca ctttagctta tttagatgga cttttcacca agctctgaac
tgggatttca ttttgttgca ttcatcctge tcacgagaca caggtaggca gcaaatgaga
ttatccetee agteeccatyg gattggaaat gtteccecctt ctttatgage tecactgeagt
atctcocttet cectttecce aaaggacage ctttectgec tcagggaaga agagagagac
agactacagt gatggagacc cactagatgt gcacaagagg ctgccatcca gtactggaga
ggaccgagcce gtgatgctgg ggtttgccat gatgggecttc tcagtcctaa tgttcttett
gctcggaaca accattctaa agecttttat gectcagecatt cagagagaag aatcgacctg
cactgccatc cacacagata tcatggacga ctggctggac tgtgccttca cctgtggtgt
gcactaccac ggtcagggga agtacccgtg tcttcaggtg tttgtgaacc tcagccatcc
aggtcagaaa gctctcctac attataatga agaggctgtc cagataaatc ccaagtgett
ttacacacct aagtgccacc aagatagaag tgatttgctc aacagtgctc tggacataaa
agaattcttc gatcacaaaa atggaacccc cttttcatge ttctacagte cagccageca
atctgaagat gtcattctta taaaaaagta tgaccaaatg getatcttec actgtttatt
ttggccttca ctgactctge taggtggtge cctgattgtt ggcatggtga gattaacaca
acacctgtcc ttactgtgtg aaaaatatag cactgtagtc agagatgagg taggtggaaa
agtaccttat atagaacagc atcagttcaa actgtgcatt atgaggagga gcaaaggaag
agcagagaaa tcttaagacg gtggccaaat taaagtgctg geccttcagat gtectgtgatt

tetgeaacte gagtatgeg

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1759
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<210> SEQ ID NO 8

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Amino Acid
<400> SEQUENCE: 8

Met Phe Pro Leu Leu Tyr Glu Leu Thr Ala Val Ser Pro Ser Pro Phe
1 5 10 15

Pro Gln Arg Thr Ala Phe Pro Ala Ser Gly Lys Lys Arg Glu Thr Asp
20 25 30

Tyr Ser Asp Gly Asp Pro Leu Asp Val His Lys Arg Leu Pro Ser Ser
35 40 45

Thr Gly Glu Asp Arg Ala Val Met Leu Gly Phe Ala Met Met Gly Phe
50 55 60

Ser Val Leu Met Phe Phe Leu Leu Gly Thr Thr Ile Leu Lys Pro Phe
65 70 75 80

Met Leu Ser Ile Gln Arg Glu Glu Ser Thr Cys Thr Ala Ile His Thr
Asp Ile Met Asp Asp Trp Leu Asp Cys Ala Phe Thr Cys Gly Val His
100 105 110

Cys His Gly Gln Gly Lys Tyr Pro Cys Leu Gln Val Phe Val Asn Leu
115 120 125

Ser His Pro Gly Gln Lys Ala Leu Leu His Tyr Asn Glu Glu Ala Val
130 135 140

Gln Ile Asn Pro Lys Cys Phe Tyr Thr Pro Lys Cys His Gln Asp Arg
145 150 155 160

Ser Asp Leu Leu Asn Ser Ala Leu Asp Ile Lys Glu Phe Phe Asp His
165 170 175

Lys Asn Gly Thr Pro Phe Ser Cys Phe Tyr Ser Pro Ala Ser Gln Ser
180 185 190

Glu Asp Val Ile Leu Ile Lys Lys Tyr Asp Gln Met Ala Ile Phe His
195 200 205

Cys Leu Phe Trp Pro Ser Leu Thr Leu Leu Gly Gly Ala Leu Ile Val
210 215 220

Gly Met Val Arg Leu Thr Gln His Leu Ser Leu Leu Cys Glu Lys Tyr
225 230 235 240

Ser Thr Val Val Arg Asp Glu Val Gly Gly Lys Val Pro Tyr Ile Glu
245 250 255

Gln His Gln Phe Lys Leu Cys Ile Met Arg Arg Ser Lys Gly Arg Ala
260 265 270

Glu Lys Ser

275

<210> SEQ ID NO 9

<211> LENGTH: 1296

<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 9

cgcecgeggat ccgaaatgaa gggacactta tgcagaacca tgagtggcca gagaggagga 60
gaaggagggt gagaggagca aagaagccat gacaacttca taattctgag tggactggge 120

agtggccaga aattetggtyg gtggatatge tgcetttcca acaggtgaat atgaaagaat 180
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aagtcaaacc ctgttcagga cgctgttaat tccaaatgtg aactttttga gtcattcttt 240
tcatgtggaa ttcaaaggag aatgtaaaca aattttcagg agggacgtgc aatatcecctg 300
aaagataaca aagttcgtaa cacttattta catacaacat tctctagtta ttgattaaac 360
agatctctac agacttgcat gaggcaacat ttcttagget tgtttgctac aatatcttta 420
aaaatacttg attacacatc actttagctt atttagatgg acttttcacc aagctctgaa 480
ctgggatttc attttgttgc attcatcctg ctcacgagac acaggacagc ctttcctgec 540
tcagggaaga agagagagac agactacagt gatggagacc cactagatgt gcacaagagg 600
ctgccateca gtactggaga ggaccgagec gtgatgetgg ggtttgecat gatgggette 660
tcagtcctaa tgttcttctt gctcggaaca accattctaa agccttttat getcageatt 720
cagagagaag aatcgacctg cactgccatc cacacagata tcatggacga ctggctggac 780
tgtgccttca cectgtggtgt gcactgccac ggtcagggga agtacccgtg tecttcaggtg 840
tttgtgaacc tcagccatcc aggtcagaaa gctctectac attataatga agaggetgte 900
cagataaatc ccaagtgctt ttacacacct aagtgccacc aagatagaaa tgatttgctc 960
aacagtgcte tggacataaa agaattcttc gatcacaaaa atggaacccc cttttcatge 1020
ttctacagte cagccagcca atctgaagat gtcattctta taaaaaagta tgaccaaatg 1080
gctatcttce actgtttatt ttggccttca ctgactctge taggtggtge cctgattgtt 1140
ggcatggtga gattaacaca acacctgtcc ttactgtgtg aaaaatatag cactgtagtce 1200
agagatgaqgq taggtggaaa agtaccttat atagaacage atcagttcaa actgtgeatt 1260
atgaggagga gcaaaggaag agcagagaaa tcttaa 1296
<210> SEQ ID NO 10

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Amino Acid

<400> SEQUENCE: 10

Met Asp Phe Ser Pro Ser Ser Glu Leu Gly Phe His Phe Val Ala Phe
1 5 10 15

Ile Leu Leu Thr Arg His Arg Thr Ala Phe Pro Ala Ser Gly Lys Lys
20 25 30

Arg Glu Thr Asp Tyr Ser Asp Gly Asp Pro Leu Asp Val His Lys Arg
35 40 45

Leu Pro Ser Ser Thr Gly Glu Asp Arg Ala Val Met Leu Gly Phe Ala

Met Met Gly Phe Ser Val Leu Met Phe Phe Leu Leu Gly Thr Thr Ile

65 70 75 80

Leu Lys Pro Phe Met Leu Ser Ile Gln Arg Glu Glu Ser Thr Cys Thr

Ala Ile His Thr Asp Ile Met Asp Asp Trp Leu Asp Cys Ala Phe Thr
100 105 110

Cys Gly Vval His Cys His Gly Gln Gly Lys Tyr Pro Cys Leu Gln Val
115 120 125

Phe Val Asn Leu Ser His Pro Gly Gln Lys Ala Leu Leu His Tyr Asn
130 135 140

Glu Glu Ala Val Gln Ile Asn Pro Lys Cys Phe Tyr Thr Pro Lys Cys
145 150 155 160
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His Gln Asp Arg Asn Asp Leu Leu Asn Ser Ala Leu Asp Ile Lys Glu
165 170 175

Phe Phe Asp His Lys Asn Gly Thr Pro Phe Ser Cys Phe Tyr Ser Pro
180 185 190

Ala Ser Gln Ser Glu Asp Val Ile Leu Ile Lys Lys Tyr Asp Gln Met
195 200 205

Ala Ile Phe His Cys Leu Phe Trp Pro Ser Leu Thr Leu Leu Gly Gly
210 215 220

Ala Leu Ile Val Gly Met Val Arg Leu Thr Gln His Leu Ser Leu Leu
225 230 235 240

Cys Glu Lys Tyr Ser Thr Val Val Arg Asp Glu Val Gly Gly Lys Val
245 250 255

Pro Tyr Ile Glu Gln His Gln Phe Lys Leu Cys Ile Met Arg Arg Ser
260 265 270

Lys Gly Arg Ala Glu Lys Ser
275

<210> SEQ ID NO 11

<211> LENGTH: 191

<212> TYPE: PRT

<213> ORGANISM: Amino Acid

<400> SEQUENCE: 11

Met Val Lys Lys Leu Val Met Ala Gln Lys Arg Gly Glu Thr Arg Ala
1 5 10 15

Leu Cys Leu Gly Val Thr Met Val Val Cys Ala Val Ile Thr Tyr Tyr
20 25 30

Ile Leu Val Thr Thr Val Leu Pro Leu Tyr Gln Lys Ser Val Trp Thr
Gln Glu Ser Lys Cys His Leu Ile Glu Thr Asn Ile Arg Asp Gln Glu
50 55 60

Glu Leu Lys Gly Lys Lys Val Pro Gln Tyr Pro Cys Leu Trp Val Asn
65 70 75 80

val Ser Ala Ala Gly Arg Trp Ala Val Leu Tyr His Thr Glu Asp Thr
Arg Asp Gln Asn Gln Gln Cys Ser Tyr Ile Pro Gly Ser Val Asp Asn
100 105 110

Tyr Gln Thr Ala Arg Ala Asp Val Glu Lys Val Arg Ala Lys Phe Gln
115 120 125

Glu Gln Gln Val Phe Tyr Cys Phe Ser Ala Pro Arg Gly Asn Glu Thr
130 135 140

Ser Val Leu Phe Gln Arg Leu Tyr Gly Pro Gln Ala Leu Leu Phe Ser
145 150 155 160

Leu Phe Trp Pro Thr Phe Leu Leu Thr Gly Gly Leu Leu Ile Ile Ala
165 170 175

Met Val Lys Ser Asn Gln Tyr Leu Ser Ile Leu Ala Ala Gln Lys
180 185 190

<210> SEQ ID NO 12
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 12
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aagatgttta tatggaccag tggc

<210> SEQ ID NO 13
<211> LENGTH: 23
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 13
actcataaca gactgcacgt tac
<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 14
gtcatgcagce ccttcagcat ccc
<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 15
ttgcagaaat cacagacatc tgaa
<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 16
gcaatgacag cctttcctge ctc
<210> SEQ ID NO 17

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 17
gaaatgttcc cccttecttta tgag
<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Human
<400> SEQUENCE: 18
gagatggact tttcaccaag ctct
<210> SEQ ID NO 19

<211> LENGTH: 25
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligo

<400> SEQUENCE: 19

tttacattgt tagtttgcag acagg

<210> SEQ ID NO 20

24

23

23

24

23

24

24

25
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<211> LENGTH: 48000
<212> TYPE: DNA
<213> ORGANISM: Human
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)...(48000)
<223> OTHER INFORMATION: n = A,T,C or G
<400> SEQUENCE: 20
aatcatgtga gttcatcatt ataaaacagc tgatttataa caactgattt taaagtgggt 60
tgttagcttg aagataaatg agatagggca tgattcaggt ttctgtgtac acactatatt 120
ctaatgaaag taattacaat tatcttctaa acagetgcag atatttttte tataaacaat 180
tttagatgtt acattgttaa atgttagett tcaaattctt cacattttaa ctcaatgaag 240
toctttttag caaacttaca ggaatcattg tatcattcag ctattaaata aggaattgtt 300
ctaattcaca tcttaattaa gaactttact aggttatatc ttttgcaagt atgagaataa 360
tctagataga aggactagaa ttggattaaa ggtgatccag ataaaaatag taattctaat 420
gaggaaattt tttaacattg aaaatagtac cctgtttatt ttttttaatg ttagagtcaa 480
accattgcac attactgtgt aaaaatacac aaagatggta acttgctgct aaagcccttt 540
ttacttttga atctttgtat ttttttcacc tttgtaattt taagttgtgc ttttatcact 600
catttgtttt ctatctttat ttctgtttgg gttaaagtta caaacagcaa gtttttgtgt 660
ttaaattcct gaaaatgttg cgatggaatt acagtaatgt gttacggett gggccceteg 720
caggagtgta tctcgcagte agcagtgaaa acaaagttceg aacagcacac tatcagagcet 780
aaacagatac tagctactgt gaaaaacata atggattcag taaacctggc agctgaagat 840
aaaaggtatg agttcatttt gttgcaacat aaaaatgtta gtttttttgt cagacttttg 900
ttaagatgag gttttaaatt gttgtactat aaatactttt tacactgaaa tcaaccttgt 960
gggtttaact gatgectact tctatatttt taagtgegta tttgaaagtg tcgatattta 1020
ttetgeaace ttgceacacat catttatate ccetggacet cactattect gtgtatgaat 1080
tgtgattttt aaaatgtttt gtggctttaa aatatctttg aagcagtgga agaaccattt 1140
cttcaagcag atttttatga agaagtccaa aacaggtgat cctcectttctg cattcaaccc 1200
acgacccatt ttttaatatg gtcatacatt ggtattttga aatcactatt ttatactagt 1260
tgtgtttgtt tattgcctgg tgaacaaaca aggecgatget acctgecaac cagaaagttg 1320
atttggtaag cagtaccctt tatgttatac tgtacggcat tattttatac tatttgttac 1380
cttgtaaagg tggcaatgaa tacatgaaaa taccagcatt atcgatacaa agtataattt 1440
tcacaaactt ggtatgcttg aaacacagat cgggatgtta ttagatgtga caaaagctaa 1500
tgatgttaag cctcgatagg accttcagtg gacttaagcc agttgaagga aacataaacg 1560
catcaaagct taagtccaag atgacataac attggaattt taaatgtatt tgctctttca 1620
gggacaaaga cccectteatyg tecctgtetyg ttgetttata atggtacttt cttaggaatg 1680
aattaagttc aaatgcagag aattgccagc atataaaacg caaggatcag aaccctgagt 1740
ttgaactcag cccctgtgta cagcctececgt gtggecctcoctg tttaattaga tegtgeotget 1800
atagcagttc cttctagctc agttgetttg atgtagtacc caaattttgg cctaaaagtg 1860
atttaattag taataatttt taaagatata ggatgttgaa caaagtatag cacaaagaag 1920
atgtgatttg aggattgtat aatcataatg tecctgggaac ttettaagta aaagatctte 1980
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ttaaatggat ctcaggtctt tattttcctg tatcagccag agttgaacaa acttttgttt 2040
aaaaaaagag ccagatagta aatattctag gctttatggg ccataaagtc tettggaget 2100
actcatttet acagttttag agcaaaagca gccatagata gataataggt aaatgaatgg 2160
gtgtggetgt gtttcaagaa aactttaaca aaagctggeca gectggetaga tttggettgt 2220
aaggtgctat atgctgaccc ctgcttatta actaaagtca gtattgcatt ctgttttgec 2280
tgttcatatc tatgaagact tagaattctt attcatcctt tctgggattc aggtgccaca 2340
tgggcagaga aacgtggttt ctatcaaatc atctatataa aatactttat aagtgaaata 2400
ttacttgaat cetttgagat gttacaagtt ttttttttee ttgagtecatg ctaatagatg 2460
gttcaataca tgaatgagtc ccttgetgaa atgetttagg acttcagact accctgaacg 2520
ttgattactc tttatactga aataggcatt attcagtgga agagagggaa gaccaaattg 2580
atagactgga ctttattcga aaccagatga accttttaac actggatgtt aagaaaaaaa 2640
tcaaggaggt taccgaggag gtggcaaaca aagtgggtaa cagtagcttc atgattaaaa 2700
taacctggat ggaaattatt tttgataatg ctaaaaatgt tattcctgtt actttaaaag 2760
aatgttttca gatttttcaa tttaattttt ttgaataatt gataatcttg tttaattatt 2820
ttaactccaa aattttcata ttttcaggtt tcatgtgcaa tgacagatga aatttgtcga 2880
ctgtctgttt tggttgatga attttgttca gagtttcatc ctaatccaga tgtattaaaa 2940
atatataaaa gtgtaagtta aagtatagat aaaattattc agagacagtt tcttattatt 3000
ctataccete atttatttea tggtttggea ttteagtgta tcagtacaaa atgaaactgt 3060
tagatctett gtgccctett gtaataaatg taaactgtct tgtataaaaa gtaaatagaa 3120
aatttatact tagaatgaga taaagatcat tttaggacga ggcacagtgg ctcatgcctg 3180
taatctcaac actttgggag gccgaggtgg gaggatcagt tgggccccag agttcgagac 3240
cagcctggge aacacagtga gaactctaat ctacaaaaaa cagttagget ggttgcggtg 3300
gcetecegeet ttaatcecag cactttggga ggetgaggeg gacggatcac gaggtcagga 3360
gttcgagace agectgacca acatggtgaa accctgtcota ctaaaaatac aaaaaaaaaa 3420
ttagccggtg gcaggcgcct gtaataccag ctactctgga ggctgaggcg ggagaatcge 3480
ttgaaaccgg aaggcagaag tggcagtgag ccaagatcac accactgcac tccaacctgg 3540
gcaacaagag caaaactcta tctcaaaaaa aataaaaaat agccaagcat ggcgacacgce 3600
ttctatagte ccagttacte aggagtctga ggcaggagga tcgegtgage ctaggaggtce 3660
aaggctacag tgagtcaaga tcaaagcact ccagcctagg caacaaagca agaccctgtc 3720
tcaaaaaaaa aaaaaaagtc aaattaaaaa gaccattttg gcatttactg aatattttat 3780
gtctttataa aaactacata ctttctggag aaaaaataat atggatattt accattgtta 3840
acaggaatta aataagcaca tagaggatgg tatgggaaga aatttggctg atcgatgcac 3900
cgatgaagta aacqgecttag tgettcagac ccageaagaa attattggta atatttatgt 3960
ctacaaggte atgtctggtt tgttttttca ttcatgactg gtgaagaget tattttcett 4020
taggcattce attgaaggta aaacatttac cattcttatc ttaagtgttg taattttgtt 4080
ctttctagaa aatttgaagc cattacttcc agctggtata caggataaac tacatacact 4140
gatcccttge aagaaatttg atctcagtta taatctaaat taccacaagt tatgttcaga 4200

ttttcaagag gatattgtat ttecettttt cecettggget ggtettecet tgtacatega 4260
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tttttgggee tagaaatgct caaagggtgc tcctaggatt atcagagcct atctttcagg 4320
tatgtatctt tgaatctacc aattaagact ctcetttatt attttgttta tgtggttttt 4380
ctataataaa actagcttta caaaatctgc acatttaaaa gctagtatct atctcttaga 4440
gccatttetg aggtagatat ttagtttgag catctccaat ctgaaaatce ttaaaggtcce 4500
aaaatgaaaa actttttgag tacggtgaca ccacaggtgg aaaattccac accagacctc 4560
aatgaggtca tagtaaaaac gcaggcacac aacacacagdt ttattcagtg tcctcaaggg 4620
aaaaaagact cagcctcttc tagectgcaat atatctttte cacgtatgec caaattccce 4680
cacacaagca cacctatgaa gggtactaaa atggcacatg tgcaggteca gtgcaccaac 4740
agcattttece ccatgatgec ccacaagggg ccaagacctt tgtgcattac ccagtatggg 4800
cttotttact tcotgtottt tcoctctggtgt aaagatactg tttaaaaaaa attttttttt 4860
gagtggggat gcgtttgaga cagagacctg cgctgtgget caggctggag tgcagtggtg 4920
caatcttgge tcactgcaac ctccacctee cgggttcatg cgattcteet gectecagect 4980
cctgagecage tgggattata cgcacccacc accacaccca gctaattttt gtatttttag 5040
tagacatggg tttcaccgtg ttggccagac tggtctcgaa ctcctgacct caagtgatcc 5100
acctgcctca gcctcccaaa gtgttgggat tacaggecgtg agccacagca cccaggctgt 5160
ttaaaatgtt taaaaggcct acagataccc ttgtgggtga cattgataag aaaaagaaga 5220
ggcatttatt tttatttata acacataaat ttaagctgtt ggaaaaactg gacaataatg 5280
taagtgagaa acttecttaca gaagaatgat gttggaatga acaccatata tgacctaaaa 5340
gaaagaacaa ctttcctaaa gttgttcttt aggactaaac tgttgaagtt ccatgctaaa 5400
aatgatgaca gaagttaatg aaaaaaacaa aaacactgca gaaagttaaa aacgaagatc 5460
ttgatcatgc attgaaagag tggatccatc agcattgcag tgaacacgtg ccacttaagg 5520
acatgctgat catgaaataa acatctatta aaatgaactg aaaatcgaag ggaactgtga 5580
gtattcaata ggetggttag agaaatttaa ggtaagatag cattaacttt tctaaaggtt 5640
tgtggtgtta aagcatcttg atcacaaaac agcagagaaa ttcattgatg aatttgccaa 5700
gattgtctct gatgaaaatc tgactccaga acaagtctat aatgctgatg aaacatcact 5760
gttttgccat tattgaccca gaaagacact gactacagct gaggagacag cccctacaag 5820
aataaaggat gcaaagaaca gaataactgt gctgggatgt gctaatgcag caggcataaa 5880
tgtgaactta ctgtgatagg caaaagcttg catcctcact gttttcaagg aatgcatttt 5940
ttttactagt ccattattgt actaacaaaa aggcatggat ccctagggac atcttttcetg 6000
attggtttca caaacatttt ataccagctt gtgtgcactt gcagggaagc taggccggat 6060
gatgactgca agattttgtt attccttgac aactattctg ctcatcgtct agctgaaatt 6120
cttattaaaa aaagtgtttc attatttcaa ccttgtgacc agggtattct acgatcaatg 6180
aagagtaaat acaaaaacct tttttgggca geatgetage ageagtgaac tgaggectgg 6240
gtgtggaagg ttttcagaag gagtttagaa tgaaagatgc catagatgcet tttgccageca 6300
caaggagttt aggatgaagg atgccatata tgccagcact tggaagacag tgactcagtt 6360
gtgtatgcct gcagcctectg cctgtcacta catttattga tgatgaggag caaattggtg 6420
actttgaagt atgtcaagtg agctccttat gcaaaaaata atatcttcag agtccatcceg 6480

taagcetggaa gaaggatata tcaaagaagt gtttgacatt gataatgagg ttteagttgt 6540
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tcattcatta actgatggca aaatagctaa aatgcttcta aatcaaggtg attatgataa 6600
tggtgataat gaagatgatt tcattgacct cgcagaacaa ctgcctatag gecageatggt 6660
gatgggctta ttgaagcact agagcagcat gtattcataa cagaacaaga aataggttta 6720
taaaatcaag gagagacttc aacaaaaacc attgttaaag aggcaagtag gtggtactge 6780
aggaaacatt ttaaaaggcc attcagcaca atgtcttatt atgccgagag gacccacttc 6840
ttggtcccte aactgcttct gatgtttett ctcacctaac aaagtactgt gtaccggaac 6900
tttttaatca aaacataaca ttgtaggtag agactgaaag cctgccattg ttgetgttta 6960
acagetgata caggtgttet ggtgatgeca ctgtgetget tagtttgaat acgttatttt 7020
tcactgttat taatggtgtg tcttatattt ttactattaa gttectttgt gtgaatcegt 7080
gtaagaaaat gattgcttgt cagtagtatg taaattcaat caagaatgat ggtgatgcca 7140
aacaaccata gagtgttcac atgggtggct gacatagcaa cacctgtgtt ttctgataag 7200
tcagtgtaca caacctttgt ttcatgcaca aaattattta aatattggat aaaattacct 7260
tcaggctatg catataaggt atatgaagca taaatgaatt ttgtgtttgg acttgggtcc 7320
catcctcaag atagetcatt atatctatga actattcaaa aatcctaaaa aatctgaaat 7380
ctgaaacact tctggtccca agcattttgg ataagggaca ctcaacctgt agtatgctta 7440
agggaaagct tatcctaaag ctttcgtcca atactgttgc aggtggtget acattcattt 7500
ttgaaacatt tctgttttct taaaagattt ggttttcaca tttcaaataa actagcataa 7560
atacaageat ttttttaatt tttttttatt atacttttaa gttetagggt acatgtacac 7620
aacgtgcagg tttgttacat atgtatacat gtgccatgtt agtgtgetge acccattaac 7680
tcatcattta cattaggtat atctcctaat gctatcccte ctccttecte ccatcccaca 7740
acaggccccg gggtgtgatg ttcccettece tgtgtccaag tgttctcatt gttcaattcece 7800
cacctatgag tgagaacatg cagtgtttgg ttttttgtce ttgcaatagt ttgctgagaa 7860
tgatggttte cagetteate gatgteccta caaaggacat gaactcatca ttttttatgg 7920
ctgcatagta ttccatggtg tatatgtgcc acattttcott aatccagtet atcattgttg 7980
gacatttggg ttggttccaa gtctttgcta ttatgagtag tgctgcagta aacatatgtg 8040
tgcatgtgte tttatagcac catgatttat attcctttgg gtatataccc agtaatggga 8100
tggectgggte agatagtatt tctagtteta gatccetgag gaatcaccac actgtcettcece 8160
acaatggttg aactagttta cagtcccacc aacagtgtaa aagtgttcct atttctccac 8220
atcctcteca geacctgttg tttcctgact ttgtaatgat tgccattcta actggtgtga 8280
gatgatatct cattgtggtt ttgatttgca tttctctgat ggccagtgat gatgaacatt 8340
ttttcacgtg tctattggct gcataaatgt cttecttttga gaagtgtctg ttcatatcct 8400
tecgeccactt tttgatgggg ttgttttttt cttgtaaatt tgtttgagtt ctetgtagat 8460
tetegatatt accceetttgt cagatgagta gattgcaaaa attttetece attetgtagg 8520
ttgcctgtte actctgatgg tagtttettt tgctgtgcag aagetcttta gtttaatgag 8580
atcccatttg tcaattttgg cttttgttge cattgecttt ggtgttttag acatgaagtc 8640
cttgcccatg cctgtgtect gaatgatatt gcctaggttt tcttctaggg tttttatggt 8700
tttaggtcta acatttaagt ctttaatgca tcttgaatta atttttgtat aaggtgtaag 8760

gaagggatce agtttcaget ttgtacatat agetagecag tttteccage accatttgtt 8820
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aaatagggaa tcctttcccc atttcttgtt tttgtcaggt ttgtcaaaga tcagatagtt 8880
gtagatgtgt ggtattattt ctgagggete tgttetgttc cattggteta tateteotgtt 8940
ttggtaccag taccatgetg ttttggttag tgtttggtag tgtagtatag tttgaagtca 9000
ggtagcgtga tgectccage tttgttettt tggettagga ttgacttgge aatgeggget 9060
cttttttggt tccatatgaa ctttaaagta gtttttttcc aattctgtga agaaagtcat 9120
tggtagcttg atggggatgg cattgaatct ataaattacc ttgggcagta tggccatttt 9180
catgatattg attcctccta tccatgagca tggaatgttce ttccatttca cccattcaca 9240
attgettega agagagtaaa atacctagga atccaactta caaaggatgt gaaggaccte 9300
ttcaaggaga actacaaacc actgctcatc gaaataaaag agaatacaag cattttaaaa 9360
gaaaaacttt aaaaaattta tcaattcagt aattttttag gaaatttgtg aaattgtaaa 9420
accatcacca caatttagtt ttagtttttg tcacctcaaa gctgttttac tcatttgtag 9480
tcaattatga tttccacctc cagcctcacc actaatctge cttetgttta tggatttgece 9540
ctttectggag gtttectata aatgcaatca tatagaatgt ggccttatat gactggtttce 9600
tttcacttag tataatgttt tcaaggttta tcatcatggt atcagtgttg taggatgtat 9660
cagtacttca tttcttatta cggctgagga atattccatt atagatacaa cactatccat 9720
tcaccagttg atggacatta gggtagtttg tagtttttgg ccattatgaa tactgctata 9780
aatattcatg tacatgtttt ttatgtggac gtgegttttc atttctettg agtatatacg 9840
taggttctaa tgggtataga gtagtatteg ttgtaggttt gatttgeatt tecctaatga 9900
ccaatgattt taaacatctt ttttgtgtge tcactagcocca tttgtgtate ttettttgtg 9960
aaatgtctat tcaaagcttt tacctatttt taaattattt gggtcctata gagttgcagg 10020
atttctttge atattctgga tcaaatcctt tctcacatat atgatttcca aatatgtttc 10080
tttatttttt gagacaagga cttgctatgc ccaagctgga gtatggtggt gtgatcacag 10140
tteactgeca cetetgette caaggagety ggaccacagg catgtgecac cacacctage 10200
taatttaaaa gaaatttttg tagacacaag gtctcactgt getgtgetgg ctggtttcaa 10260
actcctggtce tcaagctatc ctcctgccat ggcoctcccag agtgctggga ctacaggecat 10320
aagtcactgc acccagcccc aaatatattt ctcttgecctg tggetgtgtg ttttgaagtt 10380
taagaggttt ttattttgaa gtcetttttt tttttttttt tttttttgag actgagtttc 10440
actctgttgt ccagactgga gtgcagtggt gcaatctcgg ctcactgcaa getetgecte 10500
ctgggttcac geccattctee tgcctcagec tcccaagtag ttgggactac aggcatccac 10560
cacctcgetg ggctaatttt ttttttttat gtatttttat tagagacagg gtttcactgt 10620
gttagccagg atggtctcga tctcctgacc tcgagatcca tccacctecgg cctcccaaag 10680
tgetgggatt acaggecgtga gccaccgege ccggecgaag tceottttttt tttttttagt 10740
ttatcatttt ttgttgttgt ttgtttcaag gattgtgett ttgttgttag tttttttaaa 10800
aacacacttt gttcctettg agagttgagg gectactgtt acatttagac cccattgtat 10860
attatgaaaa tttattgttc atgatatcat tggtccatat tgtagataag aatttccaaa 10920
ttatttttat tttctacata tatttgtggt gtactcatca tttagggtaa tttttccctc 10980
atagatgtgc tactataatt ttagagtttt ataaagataa ctttatagtt gtttaagtgt 11040

aatctttttt ceotttetett tttttttgge agetcectag atetttaget tetactecca 11100
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ctgctcctac cactccagca acgccagata atgcatcaca ggaagaactc atgattacat 11160
tagtaacagg attggcgtcc gttacatcta gaacttctat gggcatcatt attgttggag 11220
gagtggtaag aaacattact tttagtataa ttaaaatcga aatgtttgca aggctgcctg 11280
ttagctcaca aaagaaaagg tatacagtat ttacttctat ttataggatc tgtaaaatag 11340
tatgaaaatt tgcaggttaa aagtagtgaa ttaaatatca caagtttcat cttaaatttt 11400
taaaaaacat acatctttag gaatgaacta tcaccaccta gctggtcttt aatacttcct 11460
aagcatttte acatcacagc acacaaagaa atatttgtac gttgaggtaa taagaaaacc 11520
ccaggtgece tatctagect tetetgaata tcaaggggat ctgtettaag tattaaatgt 11580
tatttttagt agtagttett atttgtttct ttaaaaaatg tatatcatta acagecatgga 11640
tatgettgtt ttggtttttg aaaggtctga cctacaatat ttaacattgt tttatttttg 11700
agatacattg aatcaggata agtctggcag cttataaagc tctccctcat ttgtgtgetg 11760
atcccotttta agecctgattg atttctggta acttcaggtt ttctcatgga gaaggaatat 11820
acatttttag aaaatgtatc taactcaaag atccatagqgg aactaaaatg cttttaaatg 11880
tactctccaa agtggtgttt ttccttetca gactaagcta tgactttate ttacagattt 11940
ggaaaactat aggctggaaa ctcctatctg tttcattaac tatgtatgga getttgtatc 12000
tttatgaaag actgagctgg accaccccat gccaagggag cgagccttta aacagcagtt 12060
tgtaaactat gcaactgaaa aactgaggat gattgttagce tccacgagtg caaactgcag 12120
tcaccaagta aaacagtaag ttggaaggtg catctttect ttaaaaaaaa gttactgaaa 12180
tatgacatac atgcagaaaa agcacaaaat aagtgtattg ctcaaagaat tatcacaaaa 12240
tgaacatgtt tcgtgatggc cataaatgag aaaaaataga acaatactaa acctcactge 12300
tgcectttet cectectaat cactattett ctttccatte tcctgataga ttaggtttga 12360
acattagaaa attggtagat aggaactctc aagaactctg gaggggttta aaaagatagt 12420
tettaatttt ttttettttt tttecagagat agggtetetg tegeccagge tggagggeag 12480
tggcacaatc tggctcactg cagcctegaa tettgggete aagtgatcett actgectcag 12540
cctcccacgt agcotgggacc acaggtgtgt gccaccacac caggataatt ttttaatttt 12600
ttttttttet ttgagacagg gactcaatat gttgcccggg ttggtcttga ccacctggge 12660
tcaagtaatce ctcccteete aagectcetg agtagetgag attataggca tgagccacca 12720
tgcccaactc aaaagatctt cagcagacct attctaaatt tatgtacctg getgggcaag 12780
gtggctcacg cctataatcce cagcacattg ggaggctgag gcaggcggat cacttgaggt 12840
cgggagttcg agaacagcct ggccaacatg gtgaaacccc atctctacta aaaacacaaa 12900
aattagccgg gcatggtagc acatgcctgt aatctcaget agttgggagg ctgaggcaca 12960
agaatcgett gaccctggaa ggcagaggtt gtagtgagec gagatcacat cactgaacte 13020
cagectggge gacagagtga gactetgtca cacatacaaa aaaaattaag cactggatat 13080
agatttattt ttctattett tgtctttttc tccttagaaa gtgaaacaga aaaaaaacaa 13140
aataaaataa cttctaattg attaagaatt caggttattt gtgttcttat taataggggt 13200
tattctataa catttaggaa tgcatcaaaa ttcatgatca gatatcactt gccaagaatg 13260
ggggcttcat cagatccgga atagaattta tctaaaagtg atcaagacat gecagacttat 13320

aaaaagctat gaacatcecetg tetgtataac aacttggeca geaacattee tggegcaaag 13380
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ggctaaggct ccttcaagcc ttgagaataa gacacttaaa agaataagcc caagctcctc 13440
ctgagcgagg aggccgaata ttgtcagtag aagcatggac ttttggatgt gatctgttet 13500
ggagcccegg acctagccct tgttactttg tgatttttge acaagttecet cggactctcet 13560
ggtcttetgt gtectcatet getgaatgeg caaaaagttce ctacctecte aagttetgtg 13620
tctgaaggac attatgttct catagcactg agcacaatcc ctggcacatg gttactcagg 13680
gcacccaagt tatcattatg tgtctaggga aagttgggtt gggcatgcag ttgttgaatt 13740
ctettettte tgggtgageg ctgectetca gecagetgatg ggggaatcet tgcattattg 13800
tcactecagyg agagaagata cctgettect gcaagcaaac ttacggttte atacacttta 13860
ttggatctca aaggcagatce tttttttgtt ttgttttget ttettgagat ggagtttege 13920
toctegttgee caggetggag tgcaatggca cgatctgatc gtggcoctcact gcaatctctg 13980
cctcctgggt tcaagtgatt ctecctgegte agectcccaa gtatctggga tgacaggcat 14040
gcgcecactat ggccagetaa ttttgtagtt ttagtagaga tgggtttcac catgttggta 14100
aggctggtet cgaactccetg acttcaggag atctacctge gtcagectee taaagtgetg 14160
ggattacggt ggtgagccac cacacccgge ttaaaggcag atcttaaaag cacattaaat 14220
catctgctct aactcccaca ttgcacagag aaataagctg agttccaagg aggcagcata 14280
acctgagact agaaatggtg cttaggttcc taagcccagg cctccaaggt ctatttactg 14340
tataatgtga gctgatgtct cccaaagtat aaatgtaggg tcacctgtgt taggatcata 14400
tgaagggett tttaaaatqge aagttettgg gtecetttace ctaattgttt tatcagaate 14460
tctagagatg ggacctggga atctgtattt aacagaggat cacacctgag ttcaagaace 14520
actcatgtag tagaacaatt acctcaactt aaaatatgaa atgtatctgt agcaagtgcc 14580
acctggtaaa gacttgatca cagtggattt caaacaagac aaagtattga gggctgttga 14640
actgtcaaag aatttcaget attatttcta ttagtttctg cctcactate catcgagttg 14700
tttgtatgee aggataggee aagttetetg getettgtga gettgtgtaa gtecagtgtag 14760
ctotetgete ttgaaaaage ccaaaaagtg aattaacatt tgtatagact tagaactgta 14820
actagctcat aaatagtagc cactagtatt atcactcaga gcaggaaaag catctgcaca 14880
gaggtgacgc tggtttctct gatgtgagcc tagttcagge agtcaggtgc ccatttgatt 14940
agcaagatgg ctggagataa taatcagggt aaaggaaagg aaagatccca tcgaaggcete 15000
cagaagtttg tggcacagat catacttcct tgttgtttgt tttecctgcaa agagaatgta 15060
agatcagatg tgactttact tttgacagtt tgaattcttg ctcacatcag caaaaattct 15120
ccatattgga ataactgtcc agttaggggt ttacttattc tcctacgaac aaatatagat 15180
agtcacgcaa agaacatagg ctgttgtgta aattttaggt tgttgtcaat gatttgtgca 15240
tctectaaatt ggaaaacaca gacatagttt tcatgaacat ggagaatttc agctacaaaa 15300
taattcttag ccataatagg tattgtatat ttaattgaga gaatgtgaaa aacaatgagg 15360
aagtagttte tccagtatgg tgaaaggcaa agagggttct tttttttece ctaagtaaag 15420
catctactaa atgcaaaaga aatgattgtg gactctggaa tctggaatcc acgatgctag 15480
cactttgcag taatagcctc tttcatatat agatctcaca acagtttgta gacactaagt 15540
ttttccatge tcctgcaact cacactgagt ttttatttac tccettttta ctectggaaaa 15600

gcagggeaqgy aagtttttaa agggtteett geagttacaa agetagaatt tgaacccagt 15660
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gtcaaagcct ctgggtcaga ttgggagggg gcccacgttg tgaacttgac agttaattca 15720
tggttgetgt tttatggage aggaagtgac ctttagtgac tcagaggaag gaataagectg 15780
agggagggtc caggagacca gaggtacagt gcctggcatc tcttatcact gcattctaag 15840
tggettagee ttgctgtgtt cctgaatgca cacattggga ttgcaactca caccgaccac 15200
tttaggttct tcttgagaga taggctgtga gtcctgaatg gagtgtgtgt gtgtaggggg 15960
cttggcttte aggccaagag tggagtgagt gtggtacttg gtggacagag aggccagttg 16020
gttatcaagt gaaggggcgt tagggaaaaa gttcagaggg caaaaagcta tgttgctcct 16080
tetcacttat tgtecatgag tattttettt taaatggaac cqggaatcata agataagaat 16140
gaccaggagg ctctggtaaa ggcaggtgca agttttgtgt gacaagatcce tcatggacta 16200
aaaaatgatc atatttctga ggttgaatca aatacataaa agcagcagca aatcacacac 16260
ttcttcgaag agagttacca agttgcaggg gaaatttatt agcacaaata agtctgaaaa 16320
ggaaaagcta tccatatata caaggttaag ttggaagaag gaggcagaaa gaagaaattc 16380
cagttgttat cattattttt tattccaaat tgcatctgtt cactaaaata cttcggactg 16440
ggtgcagtgg cttacaccta taatcccage actttgggag actaggeggg cagatcactt 16500
gaggtcaggc attcgagacc agcctggtca acatgatgaa accctgtctt tactaaaaat 16560
acaaaaatta gccagtcgtg gtggcacatg cctgtaatcc cagctactcg ggaggctgag 16620
gcaggagaat cgcttgaacc tgggaggtgg aggttgcagt gagccaagat tgagccagtg 16680
cacteeggee tgggtgacag agggagacte catctcaaaa aaacccaaac aaatatttta 16740
taaaatagaa atagaaaaat aatacaaatg aaaagtctat taagtatata tttttattaa 16800
gcaatattaa aatgactgca agtaagagtt tatatagcta tatgtacatg gatatttata 16860
gatgagatta cgcttacatt cttgcccaca ccatcttgga aaatgttaag ataatatcge 16920
cttgactgaa aaacatacag caaacatggt ctectttggea ttctgtcatc cacatctaca 16980
ggtgectgta geaatgtgtyg gtactataat ataatggtaa ttgatgttece taatttggga 17040
gtgtggaaag atccccaaat gtcttttaag tcatcagaga aagataaaat aatatttgat 17100
acagcttttc ttaasaatttg agataatttt aatggcgagt tattttatgg ccctttgtat 17160
cttgaaaaat tgggaaatca catatggttt aaaagcgaat tatcttaatt ggaacatgecc 17220
attaactaga aaacccatta tttcagcttg cactctaaca gacaatacgt ggaaaaggaa 17280
acgcggecag ggcaaaacat ttcctcettet tataaacctt gaactgagta cgtccctcac 17340
caattataga gggtcccctt gggcctcaga actttccaca agegttgagg tctctatgge 17400
gatgctcccg gctgcoccgagg cggaaacaca ggtgatgagg tggcggcaag cacagtgcaa 17460
agagagagaa gcagcttcgg ctgcagcaaa ccacgcaggt ccttcttgat catctagaac 17520
tgaccgctee gecttgecag gagtctgeag aaccacgtgg ctagectgec tgaagttete 17580
acctetecag gaaggegggyg ggcettetaat ggetgeaget gegetggggg ctgggggete 17640
ccgetgggac tecacttecg tggatgteta agettcacct ttettgegee cgecaggggeca 17700
tgactcaggt gaaagggagc cattttctca gacccctgge ctcatgcage cecttcagecat 17760
cccegtgcaa atcacacttc agggcagccg gaggcgccag gggaggtaag tcacttccgg 17820
aagctctgee ggtagtggga atctggetga acaagcagtt gcaagaagag gggacatctc 17880

gagettgggy agtgagtgtt tectttttet ctgaggatge ccacttgeca tgectceccag 17940
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ggtacccagc aggcttcccc agtagcactc acatcacggg gctgcagect ttecctgttgg 18000
ctcotatcete taggttgeca gttettggag actggagace ttttaaactc acctgtaget 18060
ccccageact gatcatagec cagcccatag ttggtgetca agaatgatcet gttggttgaa 18120
tgaggaatga agaaattaga ccagcatttg gtcccattgg tgaagccctg gagtcacage 18180
ccttggattc aaacccagct caccacttaa tcagccatat gactgggcag gtcccattgg 18240
tgaagccctg gagtcacagc ccttggattc aaacccagct caccacttaa tcagccatat 18300
gactgggcaa gtcacttaac ttctctgttt gectcatcte cttatetgtg aaatgcagat 18360
agtaagagee cetgegtgte tcagcacagt ataccacate ctetctaaac tatactgtta 18420
taccgggtat acgctctaca cctcectaaa ctcotagectt ttagetattg ttattaccca 18480
ccctactcett ctccttaaag ggggaagtga gagattattt tcaggacccg ttttctcccc 18540
agggaaatga aaagcaaaga agctgaaagc ctctagtgac ctgcacccct tttgcctgec 18600
ctagggttgg ggcatggggc agtcaatgtg ggaaccaaaa tggagagaag agtgatgcct 18660
gagggtgttg gacaaatggg atactaaaac cttttgtgecc aggegeggtg getcacacct 18720
gtaatcccag cactttggga ggccgagqgtg agtggatcac ctgaggtcag gagttcgaga 18780
gcagcctgge caacatggtg aaaccccgtc tctactaaaa atacaaaaat tagctgggca 18840
tggtggtgge gcgcctgtaa tcccagectac tcaggaggect gaggctggag aattgocttga 183900
acctgggagg aggaggttgc agtgagcaga gattgtgcca ttgcactcca geectgggega 18960
caagagccaa actetgtete aaacaaagaa aaacctgttg ggaggggtac atttcagaac 19020
caggttcact cactatctgg aaatatgcat gatttattat tggetctagt ggagttggga 19080
gctgagaatt ggaaaacatt aaagatggta atggtcatca tgttactcac ttccattatc 19140
acttaactgc actcaggggt atttgagagg gagcatgagg agagtgagat acaggagttt 19200
ggataagatg ggggttcagg gaagaaggac cagacagact acagaggaaa gaaaggtgtt 19260
cttetegeta gacatgaace aatttttttyg tgaacagaca attaaaatga attactttat 19320
ggcaaaagat caaatgacaa acatgcaagc aaacaagttt tagtgtccca tacgtcacac 19380
aattaactag atataaaggc agttgtgttg tcatcaaagc aaactactgt atcccatttt 19440
catttctgaa atgcacaact gaattattgc tatttcctct tgctgaactt gatgaactat 19500
gttgacttaa ccttatttge tgtttcaaaa taagttgtta aataatgttg taattaaaaa 19560
atagaagagt aaaaataatt accaagggtc tcctctgtaa ccaaaacgaa ttacagggaa 19620
atattaatat agtgtacttc atgtttagac attcatttca catacacccg tgaaatgaat 19680
gtcagatgaa ttatgaagtt ttgatgagcc acagcatgtt tctaaggaat acttcttgca 19740
aaagtttcag tgctggaggg agaggctgct ggcttctgtg gggatcacac ccaggtgagt 19800
gtgttcagge tgtttgtaat tgagtttgec tcaggctaag ccagaagetg cctgtageca 19860
tgtgtegtac ttgggetgqgy tgggaaagte agtectatet geagtgaaga gaatagaagg 19920
tggtggatat tgccttgatt atgaataaaa cagctcaagg taatacactg gttagaageg 19980
gacatgtatt actggcagaa aaaggaatca atatgctttt tatccatctt cctgactaga 20040
aagcaaacta gatcatactt aagtgctttg aggtccttgg atgaaagatg cttgtaaata 20100
caacaaagtt aattacaagg ctgtttatgg tctgagaaaa ctggaaacaa cctaataata 20160

ttcaataata aggaaatggt taaggaaata tggcatatcet aattgatgga acattatgta 20220
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gccaatagga ttacaaagaa ttgttaatga catgggaaag tgcttattat gttaagtgaa 20280
aaagataaga ttaacaaaaa aatctcaaat catatctaat gtgatctcat tctgtttaaa 20340
acaatatagg ccaggtgcgg tggattatgce ctataatctce agcactttgg gaggccgagg 20400
caggtggate acctgaggtce aagatttcga gactagectg geccaacatgg tgaaaacccg 20460
tttctactaa aaacaaaaaa attagctggg cgtggtagcc ggcgcctata atcccagcta 20520
cttgggaggce tgaggcagga gaattgcttg aacccgggaa gcagaggttg tagtgagectg 20580
agatcatgece actgcactgc agcctggatg acagagtgag actccatctc aaaaaaaaaa 20640
aaaaaaaaaa aaagaaaaga aaaagaaaaa caaaacagaa acaaaaaaca aaaaacaaaa 20700
aacctaatat agagcaggag gggattaacc cagcaaacca agtgcacaat cattaccttt 20760
aagtgttgtg ggtgagtttt tgttctcttc tgtacatttt tttttgtatt tttcaagttt 20820
catacaatga gcatataaaa atatattact ttcatgaatc atttgacatt tgttgaggaa 20880
ttetttgtgg ctaagtttgt agtcaggtet tgagaggtga caacgtgetg geagccettg 20940
cagccctege tegetcteceg cgecctecteg gecttggege ccactetgge cgegectgag 21000
gagccccttt ctgggetgge caaggctaga geccggetcee tcagettgeca gggaggtggg 21060
gagggagagg cgcgggcggg aacccgggct gtgcgcggag cttgcgggec agtccgagtt 21120
ccaggtggge gtggactcag cgggccagca ctccgagtgg ccgaccggec tacaagccac 21180
ggacagtgag gggcttagca cctgggccag cagetgetgt getcaattte tcacagggee 21240
ttaggtgect cecegeqgggy cagggettgg gacetgeage cegecatace tgagectece 21300
ccocgectecg tgggetectg tgccgecega gecteectga tgagegetge cecctgetee 21360
acggcaccca gtcccatcca ccactcaagg tctgaggagt gcgggcacac gcacaggact 21420
ggcaggcagce tccacctgtg gccccggtge gggatccact gggtgaagcc agectgggete 21480
ctgagtctgg tggggacttg gagaacgttt atgtttaget aagagattgt aaatacacca 21540
attggtactyg tgtatctage tcaaggttta taaacacacce aatcageace ctgtatcetag 21600
ctcagggttt gtgaatgcac caatcgacac tgtatctage tactetggtg gggacttgga 21660
aaacgtttgt gtccacactc tgtatctagc taatctagtg gggatgtgga gaacctttgt 21720
gtctagctca gggattgtaa acgcaccaat cagcaccctg tcaaaatggg ccaattaget 21780
ctetgtaaaa tggaccaatc ggetctetgt aaaatggacc aatcagecagg atgtgggtgg 21840
ggccagataa gagaataaaa gtaggctgcc ccagccagca gtggcaacct getcaggtce 21900
cttteccacge tgtggaggat ttgttccttt getetttgea ataaatcttg gtactgetcg 21960
ttoctttgggt ccacgctgecc tttatgaget gtaacactca ctgcgaaggt ctgcagettc 22020
actcctgaag ccagggagac cacgaaccca tcgggaggaa tgaacaactc cagaggcgecc 22080
gccttaagag ctataacact cactgcgaag gtcecgegget tcattcttga agteggtgag 22140
accaagaace caccaattece ggacacagtt tcataaatgt tecatacatg cttgagaata 22200
atatatattc tgtagaagtg agtattctat atttatcatt tagataaaac ttgttaattg 22260
ctttacttaa atctattacc ctactggttt gttcaggtca agctatctaa attactgggg 22320
gagtgtataa aaatacatca taatctgata gtggattttg tctatttctt cttgtagttt 22380
aatcagtgaa acaatgctat caggtaccta caaattagca ttgttacatt ttcecgtgtga 22440

attgageett taatcagtgt taaaacactt atttttaaat ttetaataaa getttttaat 22500
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ttttaacatt catgtttgct ttttgttaca ttttgcctat aaatttcacc ctttttgtat 22560
ctgtgtttta gatgtatett ttgtaaaaac atgcatatag atagttctcc atttacagtg 22620
ggattacatc ctgacaaatc catcataagt ggaaaatact gtaagttgaa aacttcagag 22680
tattagctat ttaccctecat gattgtgtgg cagactggga actatggetg getgecactg 22740
cccagcatct caagagagta gggtactgca tatcgctagc ccaggaaata atgcaaattc 22800
aaaatttgag gtacagtttc tactgaattc atattgcttt cacaccatag taatgtaaaa 22860
aaattgcaag tgtggggcgg ggcgggccat ggggegggeg gaggegeccg agecccgett 22920
ccceegegee attecaccee cggecagget cagecegegg ccacctacge cecgeccetg 22980
ccggetgege cegageccag tcoccgegage cgotceccgg cgggetgget cttggecceg 23040
gaagcgcgag cgttcacttc gocggcgagtg gctccgtctce cgcggacaga gogecgegece 23100
cctggeccegg ceccgeggggg ggggctcegg cacggtccce gagegtttece cgecgggtgg 23160
agcgggecga gcccagcagg ttgaccagec ccgeggecac gcagagecgg gagatctact 23220
gtttgagege ggaagcgcag aggctggegg aggcccgget cgcocgcaaaa cgggaggccce 23280
gcgeggagge tcgtgagatce cccatgaagg agectggageg gcagcagaag gaggtagaag 23340
agagaccaga aaaatatttt actgagaagg ggtctcgtaa catgctgggc ccgtctgcag 23400
ccacgctgge ctttctgggt gggacttcct ctcagagagg cagcggagac acctctatat 23460
ccatcgacac cgaggcgtcc atcagggaaa tcaaggactc tctagcagaa gttgaagaga 23520
aatgtaagaa ggetatgttt tccaatgete agttagacaa tgaaaacaca aacttcattt 23580
accaagttga caccctgaaa gatatgttge tggagattga agaacagetg getgaatata 23640
ggcggcagta cgaagagaaa aacaaataat ttgaaaggga aaaacacgcc cacagtatac 23700
tgcagtttca gtttgctgaa gtcaaggagg ccctgaagca aacagaggaa atgctcgaga 23760
aacatggaat aatcctaaat tcagaaatag ttaccaatgg agagacttcc gacactctca 23820
gtaatgtttg ataccaagat cctaccaaga tgacgaaaga agagttaaat gecctcaagt 23880
cgacagggga tgggacccta ggaaagccag tgaggtggag gtgaagaatg aaatcgtgge 23940
gaatgtgggg aaaagagaaa tcttgcacaa tactgagaaa gaacaacaca cagaggacac 24000
agtgaaggat tgtgtggaca tagaggtatt cactgctggt gagaataccg aggaccagaa 24060
atcctectgaa gacactgecce cattcctagg aaccttageca ggtgctacct atgaggaaca 24120
ggttcaaage caaattcttg agagcgettc tctecctgaa aacacagcac aggttgagtce 24180
aaatgaggtc atgggtgcac cagatgacag gaccagaact ccccttgage catccaactg 24240
ttggagtgac ttagatggtg ggagccacac agagaatgtg ggagaggcag cggtgactca 24300
ggttggagag caggcagaca cagtggcctc atgtccttta gggcatagtg atgacacagt 24360
ttatcatgat gacagatgta tggtagaggt cccccaacag ttagagacaa gcatagggca 24420
tagtttagag aaagaattca ccaaccagga agcagetgag ccecaaggagq ttecagtgea 24480
gagtacagaa gcaggtaggg atcacaacga agaagagggt gaagaaaaag gattaaggga 24540
tgagaaacca atcaagacag aagttcctgg ttctccagca ggaactgaga gcaagggtca 24600
ggaggcgaca ggtccaagta cagtagacac tcaaagtgaa ccctcagata tgaaagagcc 24660
agatgaagaa aagaatgacc aacagggaga ggcattggac tcattgcaga agagaaagaa 24720

caagaaaaag aaaaagaaga ggaaaaaatc cccagtacce atagaaacce ttaaagatgt 24780
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ttaaaaagag ttaacttatc agaacacaga tttaagtgaa attaaggaag aagagcaggt 24840
aaagtctact gacagaaagt cagcagtgga agcccaaaac gaggtgactg aaaatccaaa 24900
acagaaaatt gcagcagaaa gcagtgaaaa tgttgattgt ccagagaatc ctaaaatgaa 24960
gttggatgga aaacttgacc aagaaggcaa tgatgtaaaa acagcagctg aggaggtact 25020
agctggtaga gacacattag attttgagga tgtcacagtt caatcatcag gcccgaggge 25080
tggtggtgaa gaattagatg aaggtgttgc aaaagataat gctaaaatag ctggtgccac 25140
ttaaagcaat cctgaagaac cagagagcga agatgcagat cactgcaccg tacccaaaaa 25200
tgaaagtece tcacaggaca ttagtgatge ctgtgaagca gaaagtacaq agaggtgtgg 25260
gatgtcagaa catccaagtc agaccatcag gaaagcttta gacagcaata gecctaaaaaa 25320
ccatgacttg ttggcaccag gaggagagcc gggggacttc aatccagaaa gcagagaaga 25380
taccagagga gggaacgaga agggcaaaag caaagaagac cgtaccatgt cctaagctga 25440
ggcaggcegge aggcegtggtg cacaggaagt ctgagtgtga ggggctcettt tetcectccact 25500
gccaatgtaa gtagaatgtt ctaaattcat agagatgcac tgtatgccaa tcaccaggtg 25560
atctactget ttaagttata gactgttact tgtagatttc catgtaatca ttgaggttat 25620
cacccagatt agaaagacat atttgttatc agtgtacatt ctaattgaga gcatatatcc 25680
agtagtatca aacaataatg tctactgttt atagtccact taataaaaat agaagcattt 25740
accatttgce ttaggctgat aggaatgtga atattcttga ccaaatatat cagcatctaa 25800
ttgaaatgac caaatageat tettagactt ctgtattatg aatataattg atatttaaat 25860
taatgtcttg ttcatatatg tgtactttca tatttgattt taaaatatac attataacct 25920
gtatggtatt ttatttaaag gagataaacc gccaaatagc aaataggtca ctgaaaagat 25980
ttgcacctta gaacaataat cattttaagg ataacaagta aaggtctgaa agcatgaggg 26040
gctttatttg ccttcaccte atataagtct ttgattttga accaatgett ttggatctca 26100
ttgttgatga tacttgaatt tactttgtag gagattttaa ctteatgetg atgatgtate 26160
aaattcattt tatacaaagt ttaaagattt tttctggaag tgatacatgt caaattacat 26220
ttcoctactge agtatttgag cagggacagt cattttttaa atgtttttgg ccgggtgtgg 26280
tggctcacge ctgtaatctc agcacgttgg gaggccaagg cgggtggatc acctgaggtc 26340
agaagttcaa ggccagcetg gccaacatgg tgaaaccctg tctctacgaa aaatacaaaa 26400
aattggccag gegtggtggt gggcgectgt aatcccagec actccggagg ctgaggcagg 26460
agaatcgett gaacctgcga ggcggagatt gcagtcagec aagatcaage cattgtactce 26520
cagcctggac aacgagcgaa actctgtcta aaaaacacac acacacacac acacacacac 26580
aaaacaatgt tttcatgcct gtaaccctag cacattggga agccaagttt ggaggatcge 26640
ttgaggccag gagttcaagg ctgcagtgag ctatgattge accactatac tctageocectgg 26700
gagacagagt gagaccctgt ctctaaaaaa aagaaaaagt ttttgaacct taaaattact 26760
totetttgtt tgaattteta atcatcattc asaagaacag ttaaaaaagg ttacttgtte 26820
ttgtgcaact acaaattaga ctggagtagg atattttaaa gagctgaatc acttttggta 26880
ttttgttata aatgttttca tttgttatgt cccagtatat tcttattgga aaattcttgt 26940
tttgatctge ctgaagaaaa tatctgtttt ctatataaag aaacatttaa aaataattgt 27000

aaagttagat ttaattgtaa aatataaaat cacaaaggaa tgtaccttat gaatgttgac 27060
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attttatgaa attatgtaga ttcatattac tgttacaaga tagaattgaa tgcaaaaaga 27120
ccaaatccte attaaaattt gaggaaaaca taagtgttat tatgtaattg aaataaaaac 27180
attttatagt tqgtaaaaaaa attgcaagtg gaaccatctt aagttggggg acatctatat 27240
gtatttaaat ctagtctgac aatctttata tttgaaaaac agttttttta gagatagggt 27300
ctcacctatc actgaggctg gagtgcagtg gcacaatcaa gcttattgca gcctcaaaca 27360
cctgggetca agcaatcctc ctggctcage ctcctgagta gctaggacta taggtgtgec 27420
actacaactg gatggtgttt taatttttat tgtgtagaga cagggtcttg ctatgttgcc 27480
caggetggte tegaactect gggttcaagt gattetecocca cgttggttte ccaaagtgtt 27540
gggactatag gcatgagcac cacagcctge cctactctet atcttttaac tggatcattt 27600
actccattta gttttattgt aattactgat atactgatgc aataacatta ttctatcatg 27660
ttattctgtg ctatttgtcc tgacttnttc atgagttttt ccctcatctt tattgeoettt 27720
tttggattga ttttttcecet ttccattett tgtttetcta ctagtttgga atttctggag 27780
tatcacctaa aagagtagag aaaggtgata tttctattta gcatgcatat ttgaactttt 27840
caacatgaaa ttaatgtctt tatttttccc catggaaaaa ttatcactgt tactccctcet 27900
aaattatatt ctcttgtcat gtatttatct tttcttttaa ccccacaaga cataatagta 27960
ataagataat tactattatt attattttgt agaattaata tctttttttt tctttgagat 28020
ggagtcttte tctgttgece aggectggagt gcagtggtgt gatcttgget tactgcaacce 28080
tetgectect gggtttaggt gattetectyg ttteagectt cegagtaget gggattacag 28140
gtgtgtgeca ccacgtecag ctaatttttg tattttttgt agagatgggg tttcgecatg 28200
ttgggcagtc tggtctggaa ctcctgacgt caggtgatct gcccacctgg gecctcccaaa 28260
gtgttgggat tacaggcgtg agccactgtg tccagcctag agttaatatc tttacttacc 28320
tgtttactte tgtatttget cttcatttet ggttaaatat cagetgttat ctggattttt 28380
ttegttetge cttgagtaaa tacttgaccee ttttecttea gtgagggtet atcaaggaca 28440
aactcagttt tgtgtttgaa atgtctttgt ctgaaatgte tttattcatt gagaggattt 28500
ttttgtagac atagaattct gtggttactt tttctcagta tattgataat attcttgecct 28560
tatggcttct agtcttgtta cagagaagta agctctcage caaattgtca ttactttgaa 28620
gttaattgtce tttttetttg gecgactgtta agatttceote ttgtetttgt agetgtgecaa 28680
tatatctgtg atgtgtttaa gtgtggttcc tctttatttt atcccatggg cttetggagt 28740
ctgggaactg gtcttcaatc agttctagaa tttgactatc tttttaaaat attgcttctg 28800
acttatgtct cttttcttct ggaattctga atagatatta tgttacacta tttaatctat 28860
ctttcatgte tctgaacctc tctttaatac tttccattta aaaatctctc tgtattatac 28920
tctggetatt tttgecagatc cagetetgtg ttcactaatt atcttetcag atgtatctaa 28980
ttgagtgtta tgtctgttea ttaaattttt actttcaatt attttatttt tgatttetat 29040
aaattctttt ttaaatatta gctctacatt ttagaattce ttgatttetg acattttgga 29100
tcoctteceottt atttetttaa atatgttaca gatgtgtatt ttatattcta tgcaaatate 29160
tgaaattttt cgtggatctc attttgtggt ctattttttt tgcactcaaa cgccttgatt 29220
tecotgtgtgt tttatgactt ttattttatt ttttattatg tatttattta ttcatttttt 29280

tttgagatag agtcttgete tgttgeccag actgaagtge agtggeacga tetcagetca 29340
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ctgcaacatc caccttctgg gttcaagtga ttgtcccacc tcagcctecce gagtagetgg 29400
gattacaggt gcctgccact acacctgget aatttttgta tttttaatag agacaggget 29460
tagccatgtt ggccgggete gtctcaaact cctgacctca ggtgatccac ctgecttage 29520
ctoctgaaagt goctgggatta tagccatgaa ctacctegece tggetgttgt gtgttttatg 29580
acttctaaat gagtgcatat actccttgga catttatata cgtcttcottt ttttatttta 29640
ttttatttga gacgagtctt gctctgtege taggctggag tgcagtggeg caatcttgge 29700
tcactgcaac ctccgactee ttgttcaaag gattctcctg cecgeagecage tagaattaca 29760
ggcacgtgee accacgecca getaattttt tgtgttttta gtagagatag ggtttetcac 29820
catgtaggce aggatggtcet cgatctcctg acttcatgat tcgeccacct cgacctccaa 29880
aagtgctggg attacaggcg tgagccattg cgcctggcct atagaattct tttaaggect 29940
aagttaaatg tgtgtgccta cagagaacat acgtatttaa atttgccagg ttgcagaggg 30000
cactacctac ttaaacaaca ttacacgaaa ttcttagett gagatttttg tattacccag 30060
gtagtatgaa ttcaggctgt aaactccctt gaggatccce ttgaggatta tctaaaattt 30120
caggggagat tgtagttttc ctcttttagt cagtgttaag gtttgagaaa ggcattttcc 30180
ttgccattte ctatggagtg gtacggtgtg ggtgaaggga gaggggctat ttccagttca 30240
acctgacact gacttttaag tcctttgggg tcccagctct agttggatgg tatattaaac 30300
tacataccte ggatagaccc tggacattgt ctecectgteocee tgtgacccta taaactgtga 30360
aacaaaagct caagttcace aagttcecgea aatgecctea agttaaaact tgacttetgt 30420
ccaccttect tteotgggtte ctactttcac atagtttttg tettttgagt atttccaatt 30480
ctttttaage tttggccaga agttttagtt gtctgtagtt agagtgggtg tctagtgtac 30540
cataccactg aaacagaagc ctgttacttt tacaataata aaaacatatc tatgtggget 30600
ttttaaaaaa atttttaaat ttatttattt actttttttt ttgagatgga gtctcactet 30660
gtegeccaqq ctggagtgea gtggeatgat cttggetcac tgeaacctet gecacceggg 30720
ttcaagegat tttcectgect cagectectg agaagetgtg attacaggeg catgecaccg 30780
tgcoctggeta aattttgtat ttttaggaga gacaggtttc accatgttgg tcaggeotggt 30840
ctcaaactcce tgagctcagg tgatctgccc accttggcct cccaaagtge tgggattaca 30900
agcatgagce actgcacctg gccaaaccta tctatgtttt agttttttat gattatttta 30960
tattatccct tccccacaca tgaaataact tctttccaag tgacttatga agttgtcaac 31020
ttttcataaa gccttggaac aaagtgggca gaaaaattat aaataaaaag tcttgtctag 31080
gacagtacag gtctgtctta ttcctaaatt agatcagaat cgggttatgc cggtttttta 31140
taacatacca ttataattgg gtatgttaaa gaatgtatta gagatgcatt agaagagcga 31200
cctcattata agcctcttca ccecatggatt ccaaggatat cttacaataa acctctggga 31260
taccttacge tacagageaa ctaaagteca getttagage acaagggaaa atgeaggata 31320
ttgggtcectg gaaactacaa aaaccatcaa actctacttt agggctaaaa ctttetttta 31380
atcaatctgt catatttatt gataaattag aasaatgtggc tgggtgcagt ggctcacacc 31440
tgtaatccta gcagtttggg aggccgaggt gggtggatca cgaggtcagg agatggagac 31500
cattctgget aacacagtga aacccgtcte tactaaaaat acaaaaatta gececgggegtg 31560

gtggtgggeg cetgtagtece cagetactea ggaggeggag gcaggagaat ggettgaace 31620



US 2005/0255559 Al Nov. 17, 2005
44

-continued

cgggagacgg aggttgcagt gagccgagat tgccccactg cactccagcc tgggtgacag 31680
agggagactc catctcaaaa aaaaaaaaaa aaaagtacag gttcaaattt cattaaattt 31740
tttttccatg ccoccttetet ggtggtagga tgatagggga tgagtaaaat atcaaagaca 31800
actaaaaatt cctaaactag atcctegggt cccaaagaag tgttaaccat ggagtgccce 31860
accttctgag gttggtgett cctggcacag gctcttggaa cattctggat tgtctgacat 31920
tccttttact cgctttagaa cctaaagatg ttgctggggg aaaagggagc tagggagagg 31980
gaaggggaag gatgtgggat aaggcataaa ctatgcttgt gggaaaaaaa caaccagtaa 32040
tttecttgat ggggtttttyg cttgacttta aaatgcagta agettttagq aagettgatg 32100
gagcctgtgt ttcotaccatt agtgetgecat ttgtttgget taagatttca ttaagettet 32160
taaaatggag atacttctgg aactcaaatg gctactgagc agggaatggc aaatcagtga 32220
cactgtagga agtggaggga ttttggcaaa ctagagaaca caccttccac aggggcagcc 32280
actgctectge tgggeceget gttecatcetge agggacgtge atcttgggat tatttccaaa 32340
gtcagaactc agcattttta tgagaaatgt catgattttt aaggtcttaa caagttatcc 32400
cacattaaaa aaataataat aaaccaggcc gggtgcagtg gctcacgcct gtaatcccaa 32460
cattttggga ggctgaggtg ggtggatcat gaggtcaggc gttcgagacc attatggecca 32520
acatggtgaa acactgtctc tacttaaaat acaaaaatta gctgggcatg gtggccggeg 32580
cctgtaatce cagctactag ggaggcetgag gcaggagaat cgcttgaacc tgggaggegg 32640
aggagqgttge agtgaactga gatcgtacce agectgggea acagtgegag gttecgtete 32700
aaaaaaaacc aaaaaacaca aaaacaaaaa acgacagaga aggccaaaca aaacacatct 32760
gtgggctgga tgccgccatg cccaccggtt tgcogaccttt gtgttggact cttotgttca 32820
ccagacaccc tgccctgega gaatgtatct catcctttge tggagcaggt ttgcaggcac 32880
agtggagaga ggagagaaga aatgaaggga cacttatgca gaaccatgag tggccagaga 32940
ggaggagaaq gagggtgaga ggagcaaaga agccatgaca acttcataat tetgagtgga 33000
ctgggcagtg geccagaaatt ctggtggtgg atatgetgece tttecaacag gtgaatatga 33060
aagaataagt caaaccctgt tcaggacgct gttaattcca aatgtgaact ttttgagtca 33120
ttctttccat gtggaattca aaggagaatg taaacaaatt ttcaggaggg acgtgcaata 33180
tcecectgaaag ataacaaagt tcgtaacact tatttacata caacattcte tagttattga 33240
ttaaacagat ctctacagac ttgcatgagg caacatttct taggcttgtt tgctacaata 33300
tctttaaaaa tacttgatta cacatcactt tagettattt agatggactt ttcaccaage 33360
tctgaactgg gatttcattt tgttgcattc atcctgctca cgagacacag gtaggcagca 33420
aatgagatta tccctccagt ccccatggat tggaaatgtt cccccttett tatgagetca 33480
ctgcagtatce tccttetece ttteccccaaa ggacagectt tcectgeoctca gggaagaaga 33540
gagagacaga ctacagtgat ggagacccac tagatgtgea caagaggetg ccatccagtg 33600
ctggagagga ccgagecegtg atgetggggt ttgecatgat gggettetca gtectaatgt 33660
tcttettget cggaacaacc attctaaagc cttttatget caggtaagaa acagaggaag 33720
gaaatctaga gtttccaatt cagataagat ccaggcacag cggtaaagga ggagaggctg 33780
gctttggttt ctcaatctgt gactctetge catggtctag aaaaagaaaa atacaattcc 33840

tettecegety teagtgetqgy gggeagetgyg gtgtggagga agaggtggeq agaaggtcaa 33900
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agatatttcc ctgcactgcc tcctcccatc tcataatcta tatatacctc caaacacgta 33960
atccacaaat tatagtttct tcatttaggt cataaatcct cccettaaaa tgttggtatt 34020
ccaagagaga gttaaacctt gtatgtgagc acaataaaag ttttttgagt ctgaattttt 34080
tgagtttgac agtgtctacce tggcacatag tagttgctca atacatatta gtttecettece 34140
ttttaattag gttctttatt caatatatgt agtgatacag ttgacctttg aacaacatgg 34200
gtttgaactt cgggaatcca cttataaatg gattttcttc tgtgcctgecc acccctgaga 34260
cagtaagatc aatccctcet ctttetcete cteetcagece tactcaacat gaagaggaca 34320
gggagaggac ctttatgatg atccacttee atttagtaaa tagtaaacat gttttetett 34380
ccttatgatt ttttttette aatttttgtt ttaagttccg gggtacatgt acagaatgtg 34440
caggtttgtt acaaaggtaa acgtgtgcca tggtggtttg cagcacagat caacccatca 34500
cctgggtatt aagcccagca tgcattagcet attcttcctg atgectctecce tccccctact 34560
ccactgagag gccccagtgt gtgttgetce cctetaggtg tccatgtgtt ctecatcatte 34620
agctcccact tttaagtgag aacattcagt gtttggttet ctgtttetge attagtttge 34680
tgaggataat ggcttccage ttcatttcat ctatgtccce gcaaatgaca tgatcttgtt 34740
cttoccttatg attttetttc cttttetttt ttctgagacg gagtcttget ctgtcaccca 34800
ggctgaagtg cagtggcacg atcttggectc actgcaacct ctgcctcccg aattcaagca 34860
gttctecetge ctcagectee caagtagetg ggaccacagg tgtgtgecac catacttgge 34920
taatttttaa attgttggta gagatgggat ccccctatgt tgeecagget ggtegtgaac 34980
tcectaagete aagtcatect tcoctaccttgg teteccaaag tgotgggatt acaggecatga 35040
gccaccatge ctgaccagta gttaaatttt tgaggagtca aaagttatat gcaaattttc 35100
gactgcaggt ttgggggtgt ggtgttggca tccctaaccc ctgaattgtt caagggtcaa 35160
ctttagttge tacttattaa gtatatgetg tatgectcaat acatactata ttttatccta 35220
cttaaacceta cagecagecca tgatggaagt gttattttag tttteatttt ataaatgaga 35280
aagctgagge tcagaaaggc caagtaactt gceccaagttce acatagecgg taaataatat 35340
gcctgtcatt ctgacgtaag acttgettct taatacctaa atgatgtttg ctgaaatgag 35400
gggaatgggg gttctgatta gggaagggga ggggctattt aattttgtag gatggcccac 35460
acaacatqgtg gtactctggg gccaggtcag ttcagggtaa aaggaaggca aggggtgett 35520
tttggacatt gctttatttt tggacagecce tttttttttt ggacageccaa agagcaacag 35580
gaggcccagg gggagtggaa gaggaaggcc taggagttca gtgagggaaa ggggtcataa 35640
aaaaggaaga gagtggccta cttctgttat ttatgattca tctcctgcca ttcecctaggtt 35700
accattgtta ggggaaagat gtagaagtca ccatttacta tagcacacag tgccactgtt 35760
ggaagaattc cgcggatcct ctecectatag tgagtegtat tagecggecge aaatttatta 35820
gagcaatata gtectacaat gtcaageteg accgatgece ttgagagect tcaacccagt 35880
cagctecotte cggtgggege ggggecatgac tattggegeg ccggatcgat cettaattaa 35940
gtctactaga taacttcgta taatgtatac tatacgaagt tattatctat gtecgggtgeg 36000
gagaaagagg taatgaaatg tgccccgctt acgcagggca tccatttatt actcaaccgt 36060
aaccgatttt gccaggttac geggectgcag gcatgecaage tttggegege cgtcgaccaa 36120

ttetcatgtt tgacagetta teatcgaatt tetgecatte atcegettat tatcacttat 36180
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tcaggcgtag caaccaggcg tttaagggca ccaataactg ccttaaaaaa attacgcccce 36240
gccctgecac tcatcgecagt actgttgtaa ttcattaage attetgecga catggaagee 36300
atcacaaacq gcatgatgaa cctgaatcgc cagcggcatc agcaccttgt cgccttgegt 36360
ataatatttg cccatggtga aaacgggggc gaagaagttg tccatattgg ccacgtttaa 36420
atcaaaactg gtgaaactca cccagggatt ggctgagacg aaaaacatat tctcaataaa 36480
ccctttaggg aaataggcca ggttttcacc gtaacacgcc acatcttgeg aatatatgtg 36540
tagaaactgc cggaaatcgt cgtggtattc actccagage gatgaaaacg tttcagtttg 36600
cteatggaaa acggtgtaac aagggtgaac actatceccat atcaccaget caccgtettt 36660
cattgccata cggaacteccg gatgagcatt catcaggogg gcaagaatgt gaataaagge 36720
cggataaaac ttgtgcttat ttttctttac ggtctttaaa aaggccgtaa tatccagectg 36780
aacggtctgg ttataggtac attgagcaac tgactgaaat gcctcaaaat gttctttacg 36840
atgccattgg gatatatcaa cggtggtata tccagtgatt tttttctecca ttttagette 36900
cttagctect gaaaatctceg ataactcaaa aaatacqgcocce ggtagtgatce ttatttcatt 36960
atggtgaaag ttggaacctc ttacgtgccg atcaacgtct cattttcgec aaaagttgge 37020
ccagggcttce ccggtatcaa cagggacacc aggatttatt tattctgcga agtgatcttc 37080
cgtcacaggt atttattcgc gataagctca tggagcggeg taaccgtcge acaggaagga 37140
cagagaaagc gcggatctgg gaagtgacgg acagaacggt caggacctgg attggggagg 37200
cggttgeege cgetgetget gacggtgtga cgttetetgt tecggtcaca ccacatacgt 37260
tcegecatte ctatgcgatg cacatgetgt atgecggtat accgetgaaa gttetgcaaa 37320
gcctgatggg acataagtcc atcagttcaa cggaagtcta cacgaaggtt tttgcgeotgg 37380
atgtggctge ccggcaccgg gtgcagtttg cgatgccgga gtctgatgeg gttgcgatge 37440
tgaaacaatt atcctgagaa taaatgcctt ggcctttata tggaaatgtg gaactgagtg 37500
gatatgetgt ttttgtetgt taaacagaga agetggetgt tatecactga gaagegaacg 37560
aaacagtcgg gaaaatctcec cattatcgta gagatccgea ttattaatet caggagectg 37620
tgtagcgttt ataggaagta gtgttctgtc atgatgcctg caagcggtaa cgaaaacgat 37680
ttgaatatgc cttcaggaac aatagaaatc ttcgtgcggt gttacgttga agtggagegg 37740
attatgtcag caatggacag aacaacctaa tgaacacaga accatgatgt ggtctgtcct 37800
tttacagcca gtagtgcteg ccgcagttga gcgacaggge gaagcccteqg agtgagegag 37860
gaagcaccag ggaacagcac ttatatattc tgcttacaca cgatgecctga aaaaacttcc 37920
cttggggtta tccacttatc cacggggata tttttataat tatttttttt atagttttta 37980
gatcttcttt tttagagecgce cttgtaggec tttatccatg ctggttctag agaaggtgtt 38040
gtgacaaatt gccctttecag tgtgacaaat caccctcaaa tgacagtecct gtetgtgaca 38100
aattgecett aaccetgtga caaattgece tcagaagaag ctgtttttte acaaagttat 38160
ccoctgettat tgactetttt ttatttagtg tgacaatcta aaaacttgte acacttcaca 38220
tggatctgte atggcggaaa cagcggttat caatcacaag aaacgtaaaa atagcccgcg 38280
aatcgtccag tcaaacgacc tcactgaggc ggcatatagt ctctcccggg atcaaaaacqg 38340
tatgectgtat ctgttegttg accagatcag aaaatctgat ggcaccctac aggaacatga 38400

cggtatetge gagatccatg ttgctaaata tgetgaaata tteggattga cetetgegga 38460
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agccagtaag gatatacggc aggcattgaa gagtttcgcg gggaaggaag tggtttttta 38520
tecgecctgaa gaggatgecg gecgatgaaaa aggctatgaa tetttteett ggtttatcaa 38580
acgtgcgecac agtccatcca gagggcttta cagtgtacat atcaacccat atctcattcce 38640
cttetttate gggttacaga accggtttac gcagtttcgg cttagtgaaa caaaagaaat 38700
caccaatccg tatgccatgc gtttatacga atccctgtgt cagtatcgta agccggatgg 38760
ctcaggcatce gtctctctga aaatcgactg gatcatagag cgttaccagc tgcctcaaag 38820
ttaccagegt atgcctgact tcegeegeeg cttectgcag gtetgtgtta atgagatcaa 38880
cagcagaact ccaatgegec tctcatacat tgagaaaaag aaaggecgece agacgactca 38940
tatcgtattt tccttcegeg atatcactte catgacgaca ggatagtctg agggttatet 39000
gtcacagatt tgagggtggt tcgtcacatt tgttctgacc tactgagggt aatttgtcac 39060
agttttgctg tttccttcag cctgcatgga ttttctcata ctttttgaac tgtaattttt 39120
aaggaagcca aatttgaggg cagtttgtca cagttgattt ccttctettt ccettegtca 39180
tgtgacctga tatcgggggt tagttcgtca tcattgatga gggttgatta tcacagttta 39240
ttactctgaa ttggctatce gegtgtgtac ctctacctgg agtttttecee acggtggata 39300
tttottettg cgetgagegt aagagctatc tgacagaaca gttcttottt gettcctege 39360
cagttcgcte gctatgectcg gttacacgge tgecggcgage gctagtgata ataagtgact 39420
gaggtatgtg ctcttcttat ctecttttgt agtgttgote ttattttaaa caactttgeg 39480
gttttttgat gactttgega ttttgttgtt getttgeagt aaattgeaag atttaataaa 39540
aaaacgcaaa gcaatgatta aaggatgttc agaatgaaac tcatggaaac acttaaccag 39600
tgcataaacq ctggtcatga aatgacgaag gctatcgcca ttgcacagtt taatgatgac 39660
agcccggaag cgaggaaaat aacccggege tggagaatag gtgaagcagce ggatttagtt 39720
ggggtttett ctcaggetat cagagatgcc gagaaagcag ggcgactacc gcacccggat 39780
atggaaatte gaggacgggt tgagcaacgt gttggttata caattgaaca aattaatcat 39840
atgcgtgatg tgtttggtac gegattgega cgtgectgaag acgtatttece accggtgate 39900
ggggttgctg cccataaagg tggcgtttac aaaacctcag tttectgttca tettgotcag 39960
gatctggctce tgaaggggct acgtgttttg ctcgtggaag gtaacgaccc ccagggaaca 40020
gcctcaatgt atcacggatg ggtaccagat cttcatattc atgcagaaga cactctcctg 40080
cctttetate ttggggaaaa ggacgatgtc acttatgcaa taaagcccac ttgetggecg 40140
gggcttgaca ttattcctte ctgtetgget ctgcaccgta ttgaaactga gttaatggge 40200
aaatttgatg aaggtaaact gcccaccgat ccacacctga tgctccgact ggccattgaa 40260
actgttgctc atgactatga tgtcatagtt attgacagcg cgcctaacct gggtatcgge 40320
acgattaatg tcgtatgtgc tgetgatgtg ctgattgttc ccacgecetge tgagttgttt 40380
gactacacct cegecactgea gtttttegat atgettegtg atetgetcaa gaacgttgat 40440
cttaaagggt tcgagcctga tgtacgnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnngac 40500
agtctatctg ttagttatat tctagccctt tatagecttge tggtctcaag atgtagaatt 40560
gctgaaagat gtaattcaga ctgtttggaa agaagacaag tcctccctce ttecctgggtt 40620
cactgtgaac cacggaggtt tctacgatac atggtctaac cactgaaaat ttactgtcct 40680

tactgagata ttttagaagt gtaaaataca gactgtattt caaagacage atgaaaaage 40740
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cagcttttgt agcaggcacc aagcttgttt tactttatac aggctcccta attcctctet 40800
gccacttcaa ccttcaactg atatccctgg cagaaggatg aaaaatcaaa agggcaagag 40860
atagaacatt tgtttcaggt attgggacaa ctccaagtat taagataaca gattcatttc 40920
atgctgttte atttaatcaa tgtttattca tggcaaattt tattttttat tatttttatt 40980
ttttatttta atttaagtgg gtacatagta gttttatgta tttatgggtt acgtgagata 41040
ttttgataca ggcatgcaat aatcacatca gggtaaatgg ggtgtccatc atctcaagta 41100
tttatccttg tgtcacaaac aatccaatta tactcttagt tgtttaaaaa tgecggggagt 41160
ggagggcaaq tggagggaga gcattaggac aaatacctaa tgecatgeggg gettaaaace 41220
tatgtgatgg gttgacaggt gcagcaaacc accatggcac atgtatacct atgtaacaaa 41280
cctgcacgtt ctgcacatgt atcccgtaat gtaaagtaaa ataaaatagc ataaaatcaa 41340
ataaaggaat cactaatgaa acctacattt gcaaaataaa ttataaatat tgaaaagaaa 41400
taaaaagtac aaaaaattat ttttgtctat agtcactcta ttgtgctatc aaatactagt 41460
cttattcatt ctttttgttt tttgtaccca ctaaccatcc cactceccege cctacaccce 41520
ccaacaaccce gccccatact cttccaagec tctggtaacce gtecttcetac tatctccatg 41580
agtcgaattg ttttaatttt taacttccac aaataagtga gaatatgtga agtttgtctt 41640
tctgtacctg gcttaaattt cacttaacat aatgacctcc agttccatcc atgttattge 41700
aaatgactgg acctcatttt cttaatgget gaatagtact ccattgtgta tatgtaccac 41760
attaaaaaaa atcaatttgt tagttgatgg attgetttea aatettgget attgegaata 41820
gtgctgcaat agctaagatt tggatatctt tgggagtgta gatatctttg ggatatcttt 41880
taatctttte ttttottttt gagacagagt ctcgectctgt tgcccagget ggagtgtagt 41940
ggcgcaatct tggctcactg caacctctge ctccecgggtt caaacaattc tcctgettca 42000
gcctectgag tagettggat tacaggcact caccaccatg cccagataat ttttgtattt 42060
ttagtagaga cggggtttea ccatgttgge caggetggte tcaaacteet gacetcagat 42120
gatccaccca tecteggecte ccaaagtget gggattacag gecgtgageca cetegeccag 42180
cctgattttt tttcttttga gtatatacct acctctattt tcagtttttt gaggcacctc 42240
caaactgttc tccatagtga ttgtactaat ttacattccc actaacagtg tacaagggtt 42300
cccottttete ccoctattettg ctagecatttg ttattgettg acttttggat aaaagccatt 42360
ttaactgggg tgagatgata tgtcattgta gttttgattt gcatttctet gatgatcaat 42420
gacaatgcct ttttgtatge ttgtttccca cttgtatgte ttecctttgag aaatgtctat 42480
gcagatcttt tgcccattta aaaaactgga ttattatatt ttttcctata gagttgtttg 42540
agctcctttt atattctgat tattaacccc ttgtcagatg ggtagtttgc aattattttc 42600
taccactctg tggtttgtcet cttcactttg ttgattettt cttttgetat gecagaaagtt 42660
tttaatttga tatgatceta tgtgttcaca tttgetttgg ttgectgtge ttatgaggtt 42720
ttactcaagg aatctttgee tactctggga cttactgttt tettttacta gtttcatagt 42780
tcgaggtctt aaatttcagt ctttaatcca ttttgatttg atttttgtat aaggctagag 42840
ataacaggtc tagttcactc ttttgcatat ggatatccag ttttcccagc atcatttatt 42900
gaagagactg tcgtttcecce aatttatget cttggtaact ttgtcaaaaa tgaattcact 42960

gcagatgtat geatttacet ctgggttete tattetgtte cactgatgta tgtgtetgtt 43020



US 2005/0255559 Al Nov. 17, 2005
49

-continued

tttatgccag taccttgetg ttttggttac tgtagtttta tagtataagt ttaagtcaga 43080
taaagtgatt tctcccattt tgttettttt getcagggta getttggete ttetgggtet 43140
ttegtggtte caaatgaatt ttagaaattt ttttctattt ctgtgaagaa tgtcattggt 43200
attttgatag gcattgcatt aaatctgtag atcgetttga gtaatatgga cattttaaca 43260
ttattgatat ttccaatcca tgaacatgta atgtctttcc ttttttgtgg ctteottcaat 43320
ttcttgecatt aatgttttat agttttcatt ttagatatca ttcacttcgt tagttaattc 43380
ctaggtattt aattttattt gtagctattg taaatgggat cttttaaaat ttctttttca 43440
gattgtteac tgttageata tagaaatget actgatgttt gtatgttgaa tttgtatcet 43500
gcaactttac tgagtttgtt tatcagttct tatagtttte ttgatggtat ctttagtatt 43560
tcccaaatat aagatcatat ctgaaaacta gaataatttg acttcttcct atccaatttg 43620
gatgcccttt atttctttct cttgtatgat tgctcaaget aggactttca gtattatgtt 43680
gaataacagt ggtgtaagtg ggcatccttg ttgttttcca gatcttagag aaaaggettt 43740
caatttttce ccattcagta tgatactaac tctggatctg ttgtatatge tttttattat 43800
gttgaggtat gttccttetg taaccagttt tgtgaggttt ttgttatgaa gggetgttga 43860
attttatcaa gtgctttttc agcatcaatt gaaatgatca tatagttttg tctttcattc 43920
tgttgatatg atgtattaca ttaattgatt tgcatatgtt gaactatctt tgcatcccta 43980
ggctaaatct cacttcgtca taatgaatga tgagtgattg agttagtgaa tattgatgag 44040
ttatcgaata ttgagtttga tttggtagta tttgagaatt tttgeatcaa tattcatcag 44100
aaatattggt gtatagtttt atttttattg atgtgtcttt gtctagtett agtatcaaga 44160
taatactggc ctcatagaat gagtctggaa gtattccctc ctttetttgt gtttttgaat 44220
agtttgagta ggattggtat agtttttttt tatttaattt gtttatttgt cttgagacac 44280
ggtgtcacte tgtcaccaca ggctggagta cagtggtgtg atcttggett accatagecect 44340
ctgectegee teccaggete aagegattet ctaataatat ttgetttata tatetgggtg 44400
ctoccagtgtt tggtgcatat atatttatca aattgttata tcctettget gaattgacce 44460
ctttatcatt atatagtgac cttcttgttc tcttcecttata gtttttgtct tgaaatctat 44520
ttgtctgatt tatccaattt atttatctga ctcctgectet ttttttggtt tccatttgca 44580
tggaatattt ttttccatcc cttattttca gtttactgtg tattecttgga caagttactt 44640
tctgagccte aatttccteca totgatagtt ggtgtetgtt aggatctate ttacaggact 44700
gttttaagga ttaaatgaga caatgcacag tgcctgggge atgatgagat atggtaatta 44760
ggaaataatt actcaggcca ggcacggtgg ctcatgccta taattccaac attttgggag 44820
gctatggtgg gaggatcgct taacaccagc ctgggcaata tagtcacacc cagtctctcc 44880
aaagaaagaa agaaagaaag aaaaaaatta gcccactatt gtggtcacat gactgtagtc 44940
ccagetacte aggaggetga gatgggagga tcacttgage ctggaaggtt gagggtgeag 45000
tgagccatga ttgtgctact gegetecage ttgggcaaca acatgagaac ttatttcaaa 45060
atagctaaca aatggtagtt attattgtta catttattta tttagaatta ttattcaatt 45120
attattatgt aataatcaac aaaaattatc cttttttgta gcatcttttt atctcttcte 45180
tgatttcttt tttgaacaaa tttaaaaaca tattataata ttaaaaaacg gagaccaggt 45240

cteeetgtgt tacccagget gtectcaaac teetgggete gageaateet tecgecacag 45300
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ctttccaaag tgctgcggtt acaggcgtga gccactgtgc ctggccttge attatttectg 45360
ttagggttat ttgtttattt gttatctgtg taatttattt actttgatgt ttaaagcaaa 45420
gaattacaac tcagtgaagg agatatcctc acatgtaact tgcaactcta aatatgacct 45480
tatctaagag ggtattagtt tcaattatge tgcccctatg ggtcattgaa gtgagactet 45540
toctgtgtgte ccataagagt gcactaaggc aactgaagtc atttgatgtc ctcagcccce 45600
ttggcaagca cagaggtgct caaaagactg atgaacttgg cactaagatt tttcttccag 45660
aagacaggga gaaatcacca aatggttttt tttttaaagc aaactaaata tttagccacc 45720
ttttgggtte actttttttt ttetttttet tttttactag tceattgactt gaagetcatg 45780
gttttactct ttaacaccag ccagtcaact gcaggttcocct gggacaaaaa gcaaaaggaa 45840
taatgatcce ttgtggattc ctgagtcacc tgctttgtgg gectgtgcage gtoctgtggtce 45900
agcaccacac cggctacctc actattgctc agggtttgtg ctttgggage tagcctggaa 45960
gctaagaact ctcactttca cctggtatta actactttgt ttettttttt tttttttttt 46020
tgagacggag tctcgetett gtcacccagg ctggagtgca gtggcacgat ctcagetcac 46080
tgcaacctct gectecetggg ttcaagegat tctcctgeoct cagecteceqg agtagetggg 46140
attaaaggct cctgccacca ccccgagcta atttttttta tttttagtag agatggagtt 46200
tcatcatgtt gggcaggctg gecctcgaact tctgacctce ggtgatcctc ccaccttgge 46260
ctcctgaagt getgggatta caggegtgag ccacattgec cagectggta ttaactactt 46320
tctaaaggeg cttectgtty cacaagaatg ctgtttgcag gaatgectgt agacacatga 46380
accectgggee tgetgetece ttaatttgag ggaagetatg gatgtcaage agaatagage 46440
tattttgtta cttgaccagg tttccataac tttttgcaca tacctttatt cctgcacctg 46500
tcccacataa ttatcccttt atagctcttt caccagcagg aatataaatg tcatggcagg 46560
gccaccatgt tgcaaactcc ctagggtcca tcctgeagtt actagettgt gtgaatggta 46620
cttettggag gtaccattge aatgecacage ctgageagee ctetgeagta agtcecaactg 46680
tggatgggge aaaatgagtg gttagcagaa ttggcctcat acatctttta ttetggecatt 46740
gagtatgtgg taggcactca agaaatattt ttaaatgaat gacattggtc ttcccattta 46800
ttttgagtta atttgaccca gcttaatcag tggatctttt caactagtta attgtcctac 46860
ccttecacce aggaaggtgt ttcagtttta atagattttt gttattggtg tttttttgeca 46920
cattcagcaa aacctctgga aagaggagtt catatcagcc cctcatgcag agggagetgt 46980
gagtattcag gctgettggt getgetgegg tcotttecage agaggtgget ggtcctagag 47040
tggtggtttg gtccattctt gacctatgat gatgctggga aataactcag tgatgtggtg 47100
tcattttttt atctcacaga tgtggctectg gagaagagat ttaagtttat atcttcagaa 47160
catagcatca atgagtttgg gtcatagetg cagccaactc agccagaaac agatacacag 47220
tatgcaacca agtgggaata aattcaacce attttectaa tttggaatat agagectgag 47280
gggtgaagtt gtgggtggat tatctgtcct gggttettce tatttectga atttatactt 47340
tagtgaaggg aaattttgct aactgttaat gtgccagaat gggaaagccc cctacctagg 47400
ccctcaccte tgaatttttc cagttcaagt ggacaagtag tttttgagca ctcactatgt 47460
gtcaggctca gggtgacctt tgegatttce acttecettet gatcettttca cctaagectg 47520

tgggacttgt gttetgggag aaaattagaa gttacatcat cettatggtt ctgaaaaaat 47580



US 2005/0255559 Al

51

Nov. 17, 2005

-continued

tgagctccce
gccatgtaga
agtcaccaaa
atcctatece
gaaaagacca

atatttcttt

agacttgggt
aaatcetttt
attatacatt
cacttctgge
cacagttaga
gcatttggca

ccettttttt

tcgectgate
cttttgacaa
tgaatgtcag
ttagctgece
gatgcaaaaa

ctttgcaatc

tgcttctcaa
agcectggett
agattgaatg
cagagagctc
aggaaatgcc

tagtccaggce

atgttaaaga
tcaaattcta
ttgacatcct
tgtgtetegg
attaacatat
ttaagatttg

ataaatattt

tttgetgttt acttgtcagg gaaacaaggc

ggaacataaa 47640

ctgttgetge 47700

tattgcaaaa 47760

gctgactaga 47820

ttcagggtga 47880
taggatttct 47940

cagcttggac 48000

1. An isolated nucleic acid molecule comprising a
sequence of nucleotides encoding a human calcium sensitive
potassium channel subunit protein designated p2, wherein
said protein comprises the amino acid sequence as set forth
in SEQ ID NO:2.

2. (canceled)

3. The isolated nucleic acid molecule of claim 1 compris-
ing a nucleotide sequence as set forth in SEQ ID NO:1.

4. The isolated nucleic acid molecule of claim 2, wherein
said nucleotide sequence comprises a coding portion from
nucleotide position 271 to nucleotide 978 of SEQ ID NO: 1.

5. (canceled)

6. An expression vector comprising the nucleic acid
molecule of claim 1.

7. A recombinant host cell comprising the nucleic acid
molecule of claim 1.

8. An isolated and substantially pure human calcium
sensitive potassium channel subunit protein comprising an
amino acid sequence as set forth in SEQ ID NO:2.

9. (canceled)

10. (canceled)

11. (canceled)

12. An isolated and substantially pure polypeptide having
at least 80% sequence identity to the protein of claim 8 when
measured by BLAST or FASTA.

13. An antibody that binds specifically to a human cal-
cium sensitive potassium channel 2, f3a, p3b, p3c, or f3d
subunit protein; or that binds specifically to the B3 subunit
family of proteins by binding to the conserved core.

14. (canceled)

15. A method for identifying substances that bind to
calcium sensitive potassium channels containing human
calcium sensitive potassium channel p2, f3a, f3b, p3c, or
B3d subunit proteins comprising:

(a) providing cells expressing a calcium sensitive potas-
sium channel containing human calcium sensitive
potassium channel 2, f3a, p3b, f3c, or f3d subunit
proteins;

(b) exposing the cells to a substance that is not known to
bind calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, 3a,
B3b, f3c, or f3d subunit proteins;

(c) determining the amount of binding of the substance to
the cells;

(d) comparing the amount of binding in step (c) to the
amount of binding of the substance to control cells

where the control cells are substantially identical to the
cells of step (a) except that the control cells do not
express human calcium sensitive potassium channel
B2, p3a, p3b, P3c, or f3d subunit proteins;

where if the amount of binding in step (c) is greater than
the amount of binding of the substance to control cells,
then the substance binds to calcium sensitive potassium
channels containing human calcium sensitive potas-
sium channel p2, f3a, p3b, f3c, or f3d subunit pro-
teins.

16. A method of identifying substances that bind calcium
sensitive potassium channels containing human calcium
sensitive potassium channel B2, f3a, p3b, p3c, or Pf3d
subunit proteins and thus are likely to be inhibitors or
activators of calcium sensitive potassium channels contain-
ing human calcium sensitive potassium channel p2, p3a,
[3b, p3c, or p3d subunit proteins comprising:

(2) providing cells expressing calcium sensitive potas-
sium channels containing human calcium sensitive
potassium channel 2, f3a, p3b, 3¢, or f3d subunit
proteins;

(b) exposing the cells to a compound that is known to bind
to the calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, 3a,
B3b, p3c, or p3d subunit proteins;

(c) determining the amount of binding of the compound to
the cells in the presence and in the absence of a
substance not known to bind to calcium sensitive
potassium channels containing human calcium sensi-
tive potassium channel B2, p3a, p3b, p3c, or P3d
subunit proteins;

where if the amount of binding of the compound in the
presence of the substance differs from that in the
absence of the substance, then the substance binds
calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, 3a,
[3b, f3c, or f3d subunit proteins and is likely to be an
inhibitor or activator of calcium sensitive potassium
channels containing human calcium sensitive potas-
sium channel 2, f3a, p3b, f3c, or f3d subunit pro-
teins.

17. A method of identifying activators or inhibitors of
calcium sensitive potassium channels containing human
calcium sensitive potassium channel 2, f3a, f3b, f3c, or
[3d subunit proteins comprising:

(2) recombinantly expressing human calcium sensitive
potassium channel p2, p3a, f3b, p3c, or f3d subunit
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proteins or mutant human calcium sensitive potassium
channel 2, f3a, f3b, p3c, or f3d subunit proteins in
a host cell so that the recombinantly expressed human
calcium sensitive potassium channel p2, f32, p3b, p3c,
or 3d subunit proteins form calcium sensitive potas-
sium channels by forming heteromers with other cal-
cium sensitive potassium channel subunit proteins;

(b) measuring the biological activity of the calcium sen-
sitive potassium channels formed in step (a) in the
presence and in the absence of a substance suspected of
being an activator or an inhibitor of calcium sensitive
potassium channels containing human calcium sensi-
tive potassium channel 2, p3a, p3b, p3c, or p3d
subunit proteins;

where a change in the biological activity of the calcium
sensitive potassium channels formed in step (a) in the
presence as compared to the absence of the substance
indicates that the substance is an activator or an inhibi-
tor of calcium sensitive potassium channels containing
human calcium sensitive potassium channel 2, [3a,
B3b, f3c, or f3d subunit proteins.
18. A method of identifying DNA sequences in the {3
gene that promote, enhance, or repress gene transcription
comprising:

(a) constructing a promoter-reporter vector such that
fragments of the promoter region of the 3 gene (SEQ.
ID. NO.:20, nucleotides 1 to 17,436) precede the cod-
ing cDNA sequence of a reporter gene which encodes
a reporter protein,

(b) transfecting the vector into cells and measuring the
abundance of the reporter protein encoded by the
vector;

(c) comparing the abundance of the reporter protein in the
cells of step (b) to the abundance of the reporter protein
in cells transfected with the vector without fragments of
the promoter region of the B3 gene;

where fragments of the promoter region of the 3 gene
which increase the abundance of the reporter protein in
the absence of other promoter elements only in cells
which endogenously express p3a, f3b, p3c, or p3d
subunits are promoter eclements; sequences which
decrease the abundance of the reporter protein in the
presence of an unrelated constitutive promoter element
in cells which do not endogenously express f3a, p3b,
B3c, or P3d subunits are repressor elements, and
sequences which increase the abundance of the reporter
protein in the presence of an unrelated constitutive
promoter element in cells which endogenously express
[3a, p3b, p3c, or P3d subunits are enhancer elements.

19. The method of claim 18 where the vector contains
promoter or enhancer sequence elements which function
independently of the fragments of the promoter region of the
B3 gene.

20. The method of claim 18 where the abundance of the
reporter protein is normalized with respect to the fraction of
transfected cells.

21. A method of identifying DNA sequences in the §3
gene that promote, enhance, or repress gene transcription
comprising:

(a) incubating radiolabeled fragments of double stranded
DNA corresponding to sequences found in the pro-
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moter region of the f3 gene (SEQ. ID. NO.:20, nucle-
otides 1 to 17,436) with nuclear extracts from cells; and

(b) separating the incubation on a gel;

where fragments of double stranded DNA corresponding
to sequences found in the promoter region of the p3
gene that migrate differently in a gel (‘undergo a shift”)
after incubation with nuclear extracts from cells are
DNA sequences which bind nuclear factors which
promote, enhance or repress 3 gene expression.

22. The method of claim 21 where the fragments of
double stranded DNA corresponding to sequences found in
the promoter region of the B3 gene are identified by the
method of claim 18.

23. The method of claim 21 where the cells express p3a,
[3b, P3c, or p3d subunits.

24. The method of claim 21 where the cells do not express
[3a, p3b, p3c, or f3d subunits.

25. A method of identifying nuclear factors involved in p3
gene transcription regulation comprising:

(2) incubating radiolabeled fragments of double stranded
DNA corresponding to sequences found in the pro-
moter region of the f3 gene (SEQ. ID. NO.:20, nucle-
otides 1 to 17,436) with cloned or purified transcription
factors and separating the incubation on a gel;

where factors which bind 3 gene promoter sequence
elements will induce a shift in the migration of the
radiolabeled DNA fragments, and are involved in (3
gene transcription regulation.

26. The method of claim 25 where the fragments of
double stranded DNA corresponding to sequences found in
the promoter region of the B3 gene are identified by the
methods of claim 18 or 21.

27. A method of identifying transcription factors involved
in B3 gene transcription regulation comprising:

(2) incubating radiolabeled fragments of double stranded
DNA corresponding to sequences found in the pro-
moter region of the f3 gene (SEQ. ID. NO.:20, nucle-
otides 1 to 17,436) with nuclear extracts from cells and
separating the incubation on a gel;

(b) adding an antibody that specifically recognizes a
single transcription factor or a family of transcription
factors to the incubation of step (a), followed by
separating the incubation on a gel;

where a super-shift in mobility of the double stranded
DNA in step (b) as compared to step (a) indicates that
a transcription factor recognized by the antibody binds
the double stranded DNA.
28. A method of identifying clones encoding nuclear
factors involved in p3 gene transcription regulation by
cloning comprising:

(a) screening an expression library with radiolabeled
fragments of double stranded DNA corresponding to
sequences found in the promoter region of the 3 gene
(SEQ. ID. NO.:20, nucleotides 1 to 17,436)

(b) determining which clones of the library bind the
radiolabeled fragments of double stranded DNA,

(c) amplifying and sequencing the clones of step (b).
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29. The method of claim 28 where the fragments of
double stranded DNA corresponding 1o sequences found in
the promoter region of the B3 gene are identified by the
methods of claim 18 or 21.

30. A method of identifying nuclear factors involved in 3
gene transcription regulation by cloning comprising:

(a) attaching fragments of double stranded DNA corre-
sponding to sequences found in the promoter region of
the B3 gene (SEQ. ID. NO.:20, nucleotides 1 to 17,436)
to a stable matrix;

(b) incubating phage expressing cDNA encoded fusion
proteins at their surface with the matrix;

(c) removing phage that do not bind to the matrix by
washing;

(d) eluting phage bound to the matrix with excess frag-
ments of double stranded DNA corresponding to
sequences found in the promoter region of the 33 gene;

where the phage eluted in step (d) encode nuclear factors

involved in 3 gene transcription regulation.

31. The method of claim 30 where the DNA correspond-
ing to sequences found in the promoter region of the 3 gene
are identified by the methods of claim 18 or 21.

32. The method of claim 30 where the phage eluted at step
(d) are amplified and sequenced.

33. A method of identifying nuclear factors involved in 3
gene transcription regulation comprising:

(a) attaching fragments of double stranded DNA corre-
sponding to sequences found in the promoter region of
the B3 gene (SEQ. ID. NO.:20, nucleotides 1 to 17,436)
to a stable matrix;

(b) incubating nuclear extracts from cells with the matrix;

(c) washing non-binding proteins from the nuclear extract
from the matrix;

(d) eluting bound proteins from the matrix with excess
double stranded DNA corresponding to sequences
found in the promoter region of the B3 gene;

where the eluted proteins from step (d) are nuelear factors

involved in 3 gene transcription regulation.

34. The method of claim 33 further comprising separating
the eluted proteins from step (d) on a gel and staining the gel
to test for purity of the eluted proteins.

35. The method of claim 34 further comprising sequenc-
ing the proteins that have been separated on the gel.

36. The method of claim 34 further comprising immuno-
logical analysis of the proteins that have been separated on
the gel with antibodies directed towards known transcription
factors to identify the eluted proteins by western blot or
immunoprecipitation.

37. The method of claim 33 where the fragments of
double stranded DNA corresponding to sequences found in
the promoter region of the f3 gene are identified by the
methods of claim 18 or 21.

38. Amethod of identifying nuclear factors involved in 3
gene transcription regulation by cloning comprising:

(a) constructing a yeast strain that contains a few to
several copies of a fragment of double stranded DNA
corresponding to sequences found in the promoter
region of the 3 gene (SEQ. ID. NO.:20, nucleotides 1
to 17,436) preceding a ¢cDNA encoding a reporter
protein;
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(b) constructing a cDNA library from cells in a vector that
allows formation of fusion proteins encoded by the
inserted cDNA and a transcription activation domain;

(c) transforming the library of (b) into the yeast strain of
(a) and isolating colonies of yeast displaying expres-
sion of the reporter protein.

39. The method of claim 38 where the fragments of
double stranded DNA corresponding to sequences found in
the promoter region of the 3 gene are identified by the
methods of claim 18 or 21.

40. The method of claim 38 further comprising purifying
the vectors from the isolated colonies and sequencing the
c¢DNA in the vectors.

41. A method of identifying substances that enhance or
inhibit the rate of transcription of the 3 gene comprising:

(a) constructing a promoter-reporter vector such that
fragments of the promoter region of the f3 gene (SEQ.
ID. NO.:20, nucleotides 1 to 17,436) precede the cod-
ing cDNA sequence of a reporter gene which encodes
a reporter protein;

(b) transfecting the vector into cells and measuring the
abundance of the reporter protein encoded by the vector
in the presence and absence of a compound;

where (1) if the presence of the compound decreases the
abundance of the reporter protein, then the compound
is a substance that inhibits the rate of transcription of
the 3 gene; (2) if the presence of the compound
increases the abundance of the reporter protein, then the
compound is a substance that enhances the rate of
transcription of the 3 gene.

42. The method of claim 41 further comprising a control
in which the effect of the compound on the abundance of the
reporter protein in control cells is measured, where the
control cells are cells that are essentially the same as the
cells of step (b) except that the control cells have been
transfected with a vector that lacks fragments of the pro-
moter region of the 3 gene.

43. A recombinant host cell comprising a heterologous
human calcium sensitive potassium channel subunit protein,
wherein said calcium sensitive potassium channel subunit
protein is encoded by a heterologous nucleic acid molecule
comprising a sequence of nucleotides or ribonucleotides as
set forth in SEQ ID NO: 1.

44. A recombinant host cell comprising a heterologous
human calcium sensitive potassium channel subunit protein,
wherein said calcium sensitive potassium channel subunit
protein is encoded by a heterologous nucleic acid molecule
comprising a sequence of nucleotides or ribonucleotides that
encode the amino acid sequence as set forth in SEQ ID NO:
2.

45. A method of producing the recombinant protein of
claim 8, comprising:

(a) inserting a nucleic acid sequence that encodes the
amino acid sequence of SEQ ID NO:2 into an expres-
sion vector;

(b) transferring the expression vector into a host cell;

(c) culturing the host cell under conditions appropriate for
amplification of the vector and expression of the pro-
tein; and

(d) harvesting the protein.
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